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protein. Lung wet and dry weights were increcased. A lesser increase in the number
of alveolar macrophages and Jung weights was observed after exposure to 0.5 mg/L.
Pulmonary function tests revealed an increase in end expiratory volume (EEV) after
1.5 mg/L. Systemic effects after the subacute exposure were minimal. A decrease
in zoxazolamine-induced paralysis time was observed following both 0.5 ana
1.5 mg/L; however, no effect on pentobarbital-induced sleeping time was observed.
Behavioral scudies were negative, as were clinical cheuistries and immune function
tests, The subchronic 13-wi exposures resulted in decreased hody weight and
incr€§S§d lung dry weights at both 0.5 and 1.5 mg/L. As in the 4-wk study, there
was an increase in lavage fluid protein and EEV fol,owing the l.5-mg/L
concentration., Zoxazolamine-induced paralysis time, which was decreased «fter
exposure o 0.2, 0.5, and l.5 mg/L, correlated with an increase in aryl
hvdroxylhydrolase activity in the liver at all concentrations. Thers were no
observable changes in immunology parameters or clinical chemistriss. 1In general,
males and females reaponded in a similar fashion. In conclusion, it appears that
inhalation of fog oil smoke caused pulmonary effects indicative of an inflammatory
response (a concentration-related increase in PMNs) a progressive granulomatous
lesfon at !.5 mg/L. Systemically, there was an induction of cytochrome PI‘ASO.
which could have significant implications for xenobiotic metabelism.
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s NOTICE

Disclaimer

This paper has been reviewed by the Health Effects Research Laboratory,
U.S. Environmental Protection Agency, and approved for publication. Mention
of trade names or commercial products does not constitute endorsemeat or
recoumendation for use.




EXECUTIVE SUMMARY

Male and female, Spragne-Dawley, 60-day-old rats were exposed by
inhalation to fog oil smoke (MIL SPEC. SGF-2), a light lubricating oil.
Mortality studies showed fo; oil smoke to be 100% lethal at 11.0 mg/L, 95%
lethal at 5.0 mg/L, 20% lethal at 1.0 mg/L, and 0% lethal at ~ 1 ng/L after a
6-hr exposure. The observed LCsy of fog oil smoke after a . exposure was
5.2 mg/L. Two exposure regimens were utilized; one, a 4-wk, subacute
range-finding study, and two, a 13-wk subchronic study. During the
range-finding study, various exposure concentrations, frequencies, and
durations were investigated to determine the conditions to be used and
parameters to be tested in the subchronic study. The 4-wk subacute exposure
regimen (Phase II) consisted of two exposure concentrations (0.5 and
1.5 mg/L), two exposure frequencies (70 min and 3.5 hr/day) and two exposure
durations (2 and 4 days/wk); both sexes were exposed and examined for
specified parameters. A separate study of xenobiotic metabolism was also
conducted to determine if the effects observed on hepatic metabolism were due
solely to inhalation or if ingestion of the oil during preening was also a
contributing factor. The subchronic exposure regimen consisted of the same
two exposure concentrations (0.5 and 1.5 mg/L) for 3.5 hr/day, 4 days/wk for
13 wk, exposing males only (Phase III Part A). A separate group of animals
was held for 4 wk after the 13-wk exposure terminated to determine if effects
might be reversible, latent, or progressive. Control animals were subjected
to similar exposure conditions but breathea filtered air. The average mass
median aerodynamic diameter (MMAD) of the aerosol was 1 to 1.3 um with a
geometric standard deviation of 1.5.
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Two additional subchronic studies were conducted. In one study, fog oil
smoke concentrations of 0.2 and 0.5 mg/L were used with the same study regimen
to determine a no-effect level (Phase III Part B). The other compared the
effects of a 3.5-hr/day, 4-day/wk exposure for 13 wk at 1.5 mg/L in male and
female rats (Phase IIl Part C).

Numerous biolegical parameters were investigated to determine the health
effects of exposure to the fog oil smoke. The pulmenary parameters included
histopathology, pulmonary function, cardiovascular physiology, pulmonary
edema, 2nd pulmonary cell differentials. Systemic parameters included
histopathology, behavioral response, clinical chemistry, hematology,
immunclogy, and xegpodioltic metabolism.
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Several effects were chserved sfter 4 wk of exposure. A significaat
increase in luag wet weight and lavage fluid protein suggested the preseance of
edema in the luags of a j=<l3 =xposed to }.5-my/l fog oil smoke for 4 wk. The
increase observed in luwg ..oy -2ights after & wk may be explained by the
hypercellulagity (i.¢., influx of macrophages and polymorphonuclear
leukocytes) obscrved in these same animals. These phagocytic cells are known
to play an tmportant sole in the inflammatory responses of the luags.
Fastmortem ynalyzis of these animals aluo gevealed a multifocal preumonitis in
£at3 expossd tu the high conventgation ¥opg & wk. Lung volumes, lung
compliance, and ventilation disteibution weee fol affected by fag uil smoke
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exposure; however, end expiratory volume (EEV) increased, indicating an
inflammatory response. We suspect that the increased EEV allowed the rats to
ventilate the lung more efficiently with each breath, preventing a decrease in
diffusing capacity and maintaining gas-exchange homeostasis. Of the
parameters investigated that relate to xenobiotic metabolism, oaly
zoxazolamine~induced paralysis time was significantly affected. This
parameter, like pentobarbitol-induced sleeping time, is related to metabolism
by the cytochrome P450 system, and thus the coucentration-related decrease of
pacalysis time may indicate an inducticn of a specific isoenzyme of the
hepatic cytochrome P450 system, an effect that i{s consistent with the
polycyclic hydrocarbon content of the fog oil smoke.

Immediately following the 13-wk exposures, we observed effects similar to
those following the 4-wk exposure. A significant increase in lung dry weight
at both 0.5- and 1.5-mg/L fog oil smoke correlated with a significant
infiltration of alveolar macrophages and polymorphonuclear leukocytes observed
at thesa concentrations. Additional pathological findings included focal
hemorrhage at 1.5 mg/L and peribronchial lymphoid hyperplasia with multiple
pockets of macropbsee accumulation in the peribroachial lymph nodes at both

concentrations. *be 4-wk study, zoxazolamine-induced paralysis time was
significantly dec:. both concentrations. In addition, aryl hydrocarbon
hydroxylase (AHH) ac y significantly increased as fog oil smoke
concentration increase Because the fog oil smoke did not cause any changes

in pentobarbital-induced sleeping time or liver cytochrome P450 levels, the
correlation between AHH activity and paralysis time further substantiates the
hypothesis that the constituents of the fog oil smoke induced the hepatic
cytochrome P450 system, specifically P,-450. This inducticn could have
implicatioas ror drug therapy and metabolism of other foreign coupounds by the
liver.

Animals examined after a d-wk recovery period also showed effects. A
significant increase in lung wet and dry weights was observed after the
1.5-mg/L exposure. Histopathalogically, animals exposed to 0.5 and 1.5 mg/L
retained the accumulation of alveolar macrophages and exhibited hyperplasia ia
peribronchial lymph nodes. In addition, 3 of 10 male animals exposed to
1.5 mg/L exhibited multifocal granulomatous pneumonia. This development of
granulomas after the cessation of exposure suggests a progressive lesiou.

In Phase IIY Part B, an attempt was made to find a3 no-observable-effect
level. However, even at 0.2 mg/L fog oil smoke, there was still an observed
increase in alveolar macrophages in the lung, an increase in lavage fluid
protein, an ineredse in AHH activity, and a decrease in zoxazolamine-iaduced
paralysis time. These changes vere conceatration related.

In Phase 11l Part €, the respouse of male rats was compared to the
response of female rats after exposure to 1.5 mg/L fog oil smoke. The
response of both sexes was similar in direction (iancrease or decrease) bul not
necessarily similar ia magaitude. However, when all the parameters assessed
were evaluated, acither geader appeared to be more sensitive than the other.

¢




In conclusion, 4-wk subacvie and 13-wk subchronic inhalation exposures to
fog oil smoke appear to cause an inflammatory response in the lungs of adult
male and female rats, yet pulmonary function and gas exchange are not
compromised. Fowever, formation of granulomas appears to be progressive after
cessation of exposure. Significant systemic effects were evident in the
alteration of nepatic zoxazolamine-induced paralysis time aad AHH activity,
suggesting a compromised xenobiotic metabolism system.
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Technical support services for this study were provided by Northrop
Services, Inc., under U.S. Eavironmental Protection Agency (USEPA) Contract
No. 68-02-2566 from September 1981 through June 1983 and No. 68-02-4032 from
July 1983 to present. This work was conducted in response to Section 2 of
Technical Directive 4.4-44 (9/81 to 6/83) and Technical Directives 4.1.2,
4.6.2, 6.5.2, 4.6.2, 4.7.2, and 4.8.2 (7/83 to 9/86). Histopathology support
services were provided by Experimental Pathology Laberatories, Inc.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals,” prepared by
the Committee on Care and 'jse of Laboratory Animals of the Institute of

Laboratory Animal Resources, National Research Council (DHEW Publication
No. (NTH) 78-23, Revised 1978).
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INTRODUCTION

Chemical smokes/obscurants are used by the military to conceal persoanel,
materiel, or installations from direct visual observation. The smoke from a
petroleum distillate product is generated by injecting a light lubricating oil
(SGF~2) into a heated engine exhaust manifold where it vaporizes and
eventually recondenses in the atmosphere. Army personnel may be exposed to
this chemical smoke when it is released into the environment in training or
combat operations. Because this petroleum smoke is a large area screening
obscurant, the duration of exposure is usually hours within a siangle day, and
exposures may be repeated over consecutive days. Evaluaticn of the potential
hazards posed by this smoke to human health is a necessary portion of the data
base required to establish comprehensive health criteria for the field use of
smokes and obscuraats.

HETHODS

FACILITY DESCRIPTION

A detailed description of the. exposure facility has been previously
published (Inhalation Toxicology of Fog 0il Obscurant Phase I: Inhalation
Exposure Facility DTIC AD No. Al44875). The exposure facility consisted of a
600-ft? exposure facility, a 160-ft2 pre-exposure animal room (700 rat
capacity) and a 200-ft? postexposure animal holding room (900 rat capacity).
Six 27- x 27-in. stainless steel Rochester-type exposure chambers were
installed in the exposure facility. Chamber air was drawn from room air
filtered through chemical, bacteriological, and radiological filters.

The fog oil smoke generation and exhaust systems were based on the design
developed at Oak Ridge National Laboratories (ORNL) under Interagency
Agreement DOE No. 40-1016-70 with the moedifications mentioned below. Each
exposure chamber had its own gemeration and exhaust filtration system to allow
maximum flexibility of chamber control and minimal disruption of exposure
schedules.

The exposure facility provided automaric or manual (local serve)} cuntrol
of the fog oil smoke concentratinn in the exposure chamber. Automatic coautrol
significantly reduced operator time, increased exposure stability asud provided
accurate and rapid data processing. Real-time aerosol uonitors
(GCA/Enviroumental Instruments Hodel RAM-1, Bedford, MA) provided real-time
concentration monitoring as well as the signal for automatic coatrol. The
RAM-1s were calibrated for the aerosol exposure by comparing the RAM-1 walues
to gravimereically analyzed filter samples, thus converting the RaAM-1 walues
Lo a mass concentration. The calibration curve cnabled the computer to
control the mass coacenlration in the chamber by varying the flow rate of the
Sfletering pump injecting the fog otl smoke tthto the Vycor-ciad imsession
heater. Filter samples were obtattied and analyzed gravimetzivally
determine the absolule coacentration at itutervels.




Tests were conducted to verify the stability of the aerosol generation and
delivery system and the homogeneity of aerosol distribution within the
chambers.

A study was conducted to determine the feasibility of applying an
analytical chemical method for the routine chemical characterization of the
SGF-2, lubricating oil and fog oil smoke. The major conclusion of the study
was that the method proposed for chemical characterization of the fog oil
using high performance liquid chromatography (HPLC) separations with
subsequent gas chromatography analysis yielded little useful information and
was extremely time consuming. Therefore, it was not feasible to use this
technique for routine chemical characterization of the fog oils being used in
these inhalation studies.

An alternative technique using an HPLC separation technique with
monitoring at 254 nm was recommended. Separations of fog oil by HPLC
techniques are reproducible for aromatic and semipolar fractions. By
selecting 10 points on the absorbance curves, quantitative monitoring of the
chemical nature of the fog oil, aerosol, and vapors could be accomplished. It
was decided that EPA would take duplicate filter samples and ship one set to
ORNL for analysis and characterization. USEPA is, therefore, not responsible
for this data.

EXPOSURE CONDITIONS

All exposures were conducted according to metliads described report DTIC AD
No. A144875. Two quality control filter samples per exposure, per chamber per
duy were collected and weighed. The first sample was used to verify the
accuracy of electronic concentration monitors. The second sample was archived
for subsequent chemical analysis.

Phase I - Subacute Mortality Studies

Preliminary Tests

Eighty CD rats (Charles River Breeding Laboratories, Kingstoun, NY),
4 groups of 10 males and 10 females per group, were esposed for 6.0 hr to
11.0, 5.0, 1.0, or 0.1 mg/L of fog oil smoke, respectively. Fifty rats, five
groups of five male and five female rats per group, were also exposed to 6.1,
3.4, or 2.0 mg/L for 4.0 hr; 5.3 mg/L for 3.5 hr; or 3.2 mg/L for 2.0 hr,
vespectively. In addition, 10 female vats were exposed to 9.8 mg/L for
2.0 he.

Lethal Coaceatration-Median (LCsn) Studies

The concentrstisns chesen to be administered for each exposure time appear
in Table 1. The seiectiom of concentrations at 6.0 hr was based on the
preliminary mertality study data. Because it was our understanding that the
concentestions for each exposurs period should attempt to bracket the
mortaiily expertencs in the 10-38% range, the upper 99% contideace limit for
the 6.0-ke wxpesure, or 2.84 mg/l, was chosen as the highest congentration to
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TABLE 1. EXPOSURE CONCENTRATIONS FOR THE
MORTALITY STUDIES

Exposure Concentration (mg/L)
Time (hr) Targeted Actual

2.0 0.54 0.54
3.80 3.90

5.26 5.30

1.27 7.20

7.27 7.64

8.00 8.02

11.00 11.54

3.5 0.34 0.33
2.37 2.43

4.54 4.28

4.54 4.63

6.00 5.92

8§.70 8.88

6.0 0.77 0.80
1.07 1.13

1.48 1.46

2.05 2.00

2.84 2.82

be administered for the 6.0-lir exposure period. The lower concentration limit
for the 6.0-hr duration was :hesen as 0.77 mg/L. The maximum and minimum
concentrations for the 2-hr xpasure period were based on relative potency
estimates obtained from the JRNI data. Probit analysis oa the ORNL data
indicated that a model with a common slope but different intercepts was
reasonable. The relative poteacy based on this model for 6.0 hr, as compared
to 2.0 hr for the effective ccucentration-madian (ECeg), was approximately
2.56. Thus, the highest concentration selected for 2.0 hr was 2.56 x 2.84 =
1.21 mg/L. The lowest concent ration selected for 2.0 hr was 2.56 x 0.21 =
0.54 mg/L. Due to low mortality rates of animals observed within 2 days after
the first exposures at 2.0 and 3.5 hr, subsequent coacentrations for these
exposure durations were increased substantially over those originally proposed
Lo ensure that we at leasl liracketed the ECgo for these times. Two-hour
conceantrations ranged from (.54 to 11.54 mg/L; Y.5-hr exposures ranged from
0.33 to 8§.88 mg/L. Also, the lowest taryeted concentration for the ¢.0<hr
exposure was raised from 0..!1 vto 0.77 mg/L, given the lov mortality at the
other two exposure times on the first tuwo exposure days. Thus, the targeted
Concentrations at 6.0 hr we'e logavithmiecally spaced between 0.77 mg/l aad the
ogiginally proposed 2.84 my'l.
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Phase II - Subacute Range-Finding Studies

Animals

Male CD rats (Charles River Breeding Laboratories, Kingston, NY) were used
throughout Phases II and III of this study except for immunology parameters
that required inbred (Fischer 344) rats (same sex and source). Rats were
received at approximately 60 days of age, and quarantined for at least 4 days.
At the time exposures began, animals were 64-72 days old and weighed
approximately 30¢ g.

Experimental Design - Study A

A completely randomized design included three factors, fog oil smoke
concentration, exposure duration, and weekly frequency of exposure, in a
3 x 2 x 2 arrangement. The following definitions apply: concentration levels
(Cy = 1.5 mg/L, Co = 0.5 mg/L, A = Air); exposure duration (T; = 3.5 hr/day,
T2 = 70 min/day); weekly frequency (F, = 4 consecutive days/wk,
Fa = 2 consecutive days/wk. C; and C; were chosen because 0.5 mg/L was the
lowest exposure concentration that could be achieved without making
time-consuming alterations in the exposure facility, and 1.5 mg/L was the
upper limit without risk of mortality and large weight differences between
contrel and exposed animals. T; and Ty were chosen because 3.5 hr/day was the
longest time period without risk of mortality at 1.5 mg/L and 70 min is a log
spacing below 2.0 hr. The weekly frequencies were chosen to simulate possible
troop exposures. The total number of rats needed per treatment group was less
for parameters for which more animals could be handled iu a single day. The
exposure regimen allowed for at least N-12 degrees of freedom with which to
estimate experimental error when N is the total aumber of aaima® . .34 o
investigate 2 particular end point.

Experimental Design - Study B

Study B was designed tc determine the contribution of oral exposure to fog
oil smoke received by preening following the whole-body inhalation exposure.
A 2 x 2 factorial arrangement of a completely randomized design was used.
Filtered air and .5 mg/l fog oil smoke were administeed to animals both ia
the nose-only and whole-body modes.

Phase II[ - Subchronic Study

Ezperimental Desiga
Part A

For each or two cxposure coacentration levels (0.9 and 1.5 mg/L) and
filtered a1r, 80 male ratls were exposed 3.9 he/day, & days/wk ror 13 wk. Halt
of the animals 18 ecach exposure group were used To evaluate bivlogical
paramelors on the day after the 1ast edgposure. The rematanitay half were
evaluatod & wk after the last exposuge tu assess recovery.
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Part B

<l

For each exposure conceatration (0.2 and 0.5 mg/L) and filtered air,
40 male rats were exposed 3.5 hr/day, 4 days/wk, for 13 wk. Selected
biological parameters were evaluated on the day after the last exposure.

Part C
Forty male and forty female rats wer. exposed to filtered air and 1.5 mg/L
fng oil smoke, 3.5 hr/day, for 13 wk. Selected biological parameters were

evaluated on the day after the last exposure.

STATISTICAL ANALYSIS

LCsp Studies

Probit analysis (Finmey, 1971) and logit analysis were used to analyze
binary response data generated from data tested at various concentration
levels. The probability of a subject responding at coacentration X is
described as

P = (B * B1X) (1)
where

¢ = unit normal or logistic cumulative distributioa fuaction,

X = concentration or log coaceantratiou,

Bo = the intercept, and

By = the slope of the probit or logit regression line.

The analysis of probits or logits involving linear combinations of more than
one independeust variable means that Equation ! can be <xtended to

o
P = o (o i 9ixi) (2)
1=

where the X 's ©ay seprascsl coatinnous or classification (dusmy) variables or
interactions dDetween vaviables. Thus, ihe model given by Equation 2 was used
within either an analysis of variance (ANOVA} or a multiple regression
framevork. Tests of the various moedel terms wer performed by examining
chi-square (X°) statistics derived from likelihoou raties estimatsd by fitting
reduced models. Model parsmeters were estimated asiag maximux lixslibooa
techaiques.

Phase 1] and Phase [Il Studies

For end points in which more than ome biological paraseter was measurcd,
bath univariate and multivariate ANOVA models were £iU to the data.
Preliminasy analysis of cach ~0 point variable ezamined homopeneily of
variance amofty fhe vifious Ereatmetlt groups sad the nofmality of ANOVA sedel
tesiduals.  In the event thal either of the adove ANOVA assumptions was




stroagly violated, analysis of a mathematically transformed variable or
analysis by nonparametric methods was considered. When there was no evidence
of an interaction betweer the twc factors of interest (i.=., fog oil smoke
concenwration and either exposure duration, time, or sex), main effects were
examined for statistical significance. In addition, for each variable, a
series of contrasts testing the control (sir) group mean versus each fog oil
smoke concentraticn mean at each level of the second factor (time, duration,
or sex) was used. Significant interactions were explored through post hoc
examination of standardized differences of least square means involved
(subtests, t tests, and post hoc t tests refer to this).

One of the objectives of Phase III Part B (fog oil smoke exposures at 0.2
and 0.5 mg/L, and filtered air) was to add another concentration to the
existing 13-wk data for these parameters and then to determine the lowest
observable effect level. This involves pooling data from two studies. For
end points whose study represented a replicate (REP) of the original study, it
was first determined if the respenses at the two conceatraticas (CONC) shared
by animals in the first replicate (i.e., filtered air and 0.5 mg/L) were
similar. This was accomplished by looking at a two-way ANOVA mcdel with REP
at two levels and CONC a: two levels. If there appeared to be either a
sizable REP by CONC interaction or a REP main effect, the data from the two
groups wecre not pooled. A two-sided Williams' test was then applied to each
replicate. If no effects involving REP were significant,-then data from the
two replicates were combined, and Williams' test was applied to the combined
data. Only in the latter case were respouses at 0.2 mg/L compared with those
at 1.5 mg/L.

A two-way ANOVA model was fit to the data generated in the study comparing
sexes. The model iacluded terms to test for the interaction of gender and fog
oil smoke coacentrations, as well as their main effects. When multiple
responses per animal were preseat, an analogous multivariate ANOVA model was
fit tn data to test for multidimensional effects prior to examining any
univariate cesponses. Significance probabilities associated with each set of
the above contrasts were adju:ted so an overall Type 1| error rate of 5% was
not exceeded. Multiple comparisons were adjusted for using the Boaferroai
corrsction factor.

BIOLOGICAL PARAMETERS
Body Weight

All animals were weighed before the Uirst exposure and afrer the last
expozure. [a addivien, 10 animals per tresatment group were seleeted at random
from amoug those to be used for the biological parvameters. These amimals were
veighed before the first exposure cach wveek aad after the last exposure cach
Neek.

Hiztopatholesy

Neege, stes and hiztopathology were pegfurmed o each antmal. Necropay
ta¢luded the extertal esamination of the carcass fuf gross lestoss agd the
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examination and fixation of the following tissues in 10% neutral buffered
formalin except those indicated for which Bouin's fixative was used.

Brain®

Pituitary

Eyes

Spinal cord

Salivary glands
Mandibular lywph oode
Peripheral nerve (Sciatic)
Urinary bladder

Nasal cavity and turbinates
Thyroid

Parathyroid

Thymus

Trachea

Esophagus

Epididymides

Lung®

Heart

Aorta

Ovaries

Uterus

.. 3
Liver

Thig'i muscle

Spleen

Prostate

Adrenals

Cecum

Colon

Pancreas

Tongue

Stomach

Duodenum

Jejunum

Ileum

Skin b

Testes®’

Mammary gland
Sternebrae containing boune marrow
Eidneysa

Seminal vesicles
Meseateric lymph node

All tissues were examined in sitn, dissected from the carcass, trimmed,

weighed, and reexamined before fixation.

Tissue samples for fixation did not

exceed a thickness of 0.5 cm. Lungs were fixed in their entirety after being
reinflated vith formalin fixative under 25- to 30-c¢m water pressure. The
calvarium was removed and the brain freed and weighed. Then the entire skull
{ncluding the nasal cavity (turbinates) and pituitary gland vas placed in

fizative.

The following rissues were sectioned and stained with hematoxylin and
cosin using routine histopathologic procedures:

Gross lesions

Duodenun

Liver

Testes/Epididymides

Lungs (Two sections, left lobe
and right diaphragmatic lobe)

Nasal cavity and turbinates
(Thzee separvate sectiocas)

FY .
These organs uwere weighed.
Borin's fixative.

Heart

Stoamach

Laryax

Trachea (Distal)

Kidaeys

Byes

Skin (Mid-dorsal region)
Peribronchial lywph aodes
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fas Pulmonary Physiology
AR The animals were anesthetized with sodium pentobarbital (50 mg/kg
;h% Nembutal), tracheostomized, and the following measurements performed: lung
Wi volumes, compliance (quasi-static pressure volume), diffusing capacity (DL o),
%?Q distribution of ventilation (N, washout), and lung wet and dry weights. These
s procedures are covered by "Pulmonary Function Evaluation in Small Laboratory
e Animals" and "Analysis of Redpiratory Gas Samples by Gas Chromatography"
W (sop JT-01-00).
| *{
§» Pulmonary Edema
L3
e
1 Animals were anesthesized with Nembutal (50 mg/kg) and lungs were lavagead
: according to SOP GH-07-00, "Obtaining Lavage Fluid from Animals.” Samples of
& lavage fluid were stored frozem (~20°C) until assayed for total protein
‘C? conteat according to S0P GH-03-00, "Lowry Protein Assay for Lavage Fluid.”
aw
}; Pulmonary Cells
}5.
o Aninals were aaesthetized with Nembutal (50 mg/kg), iutratracheally
TN injected with Streptococcus sp. Group C, and lungs were lavaged 30 min
1§$ postinjection. Total and differential cell couats aand cell viability were
2N assayed according to SOP JI-03-01.
ik
. Ny Cardiopulmonary Physiology
}‘3 Rats were anrsthetized with Nembutal (50 mg/kg) and surgically implanted
5}}: with a. Law.ipieural or a carotid arterial catheter following the last
éﬁn exposure. The next day the following were measured: lung weight, lung
‘éﬁ volume, blood pressure, electrocacdiogram (ECG), and blood pH, p0,, aand pCO,.
Ay Procedures for these measurvements in rats are described in SOP JT-01-90.
i 8lood gas aralysis was done using a radiometer (BMS 3 MK 2) as specified ia
N the user manual.
?Q Behavioral Respouse
o
é@f Procedures for determining rat activity in a figure-eight maze are
a detailed in the SOP entitled “Figure-Eight Mazes.” The activity of rats in
o tie maze vas recorded via eight photodiode pairs mounted ia the maze.
e Clinical Chemistry :
3 Folloving exposure, bleod samples vere collected from the dopsal aorta
- jmmediately after cevvical dislocation. To evaluate potential rtarget organ
TN toxicity, the following eliniecal chemistery assays wvere performed aceopding Yo
?{ procedures eontained in the Baker lastruwsents Ceatrificken 400 Cperators
S Maaual (SO0Ps RI-07-00 through BI-LG-00):
!
]
1*‘
0 Albwain Alkalinc phospratise
Aldolasge Asylaze
=
o
::’n' b




Bilirubin (Total) Lactate dehydrogenase (LDH)

Blsod urea nitrogen Leucine aminopeptidase

Calcium Phosphate (Inorganic)
Cholinesterase Protein (Total)

Cholesterol Aspartate aminotransferase (SGOT)
Crestine kinase Alanine aminotransferase (SGPT)
Creatinine Triglyceride

Glucose Uric acid

The lactate dehydrogenase and triglyceride assays were performed on the
same day the blood samples were collected. The additional serum samples were
stored at -80°C, and the remaining analyses were completed the following
workday.

Hematology

Animals were anesthetized with Nembutal (50 mg/kg) and bled from the
aorta. Complete blood count and leukocyte differential tests were performed.

lmmunology

Fischer 344 rats (£or the 4-wk exposures) and CD rats (for the 13-wk
exposures) were anesthetized with Nembutal (50 mg/kg) and bled from tne aorta,
and spleens were removed. Spleens and peripheral blood from individual rats
were processed, and the response of cells to phytohemagglutinin (PHA),
Concanavalin A (Con A), and pokeweed mitogen (PWM) were assessed according to
SOP MS-13-00, "Scandard Procedures for Mitogen Responsiveness Test for Rats.”
The natural killer (NK) cell activity of the same spleen cell preparations was
assessed using SOP MS-14-00, "Natural Killer Cell (NK Cell) Assay for Rats.”

Xenobiotic Metabolism

Pentobarbital-induced sleeping time, cytochrome P4SO levels, aryl
hydrocarbon hydroxylase activity (AlH), and zoxazolamine-induced paralysis
time were investigated to determine whether the fog oil smoke affected
xenobiotic metabolism. Rats were given intramuscular injections of 25 mg/kg
Nembutal. Time to loss of righting reflex and sleeping time were assayed
according to SOP J(-02-00. Animals in a separate group were injected with
106 aeg/kg zoxazolamine and the induction time and paralysis time were assayed
according to SOP JE-02-01. All studies vere routinely conducted in aa
isolated remperature- (24® % 1°C) amnd humidity- (46 £ 2%) coutrolled emca to
minimise the influence of temperature on the results.

A sample of the liver microsomal fraction was ebtainmed accordiag to
SOP EG-02-00. The sample was then divided into two aliquots, oae for the
eyrochrome P&%0 ausay and one for the AHH activity asszay. Cytoehrome PaS0
levels were determined iccording te the methods desceibed in detatl in
S0P EG-0%-00. Micrusomes were diluted with IM K.HPO,/IM RH.PO, (pH T.9)
buffers and the carbou monoxide-differeace speetea 0f sodiwm dithionate~reduced
Microuoaes determinted 1t duplicate ou a Cavy speclropliotometer using ai
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extinction coefficient of 91 cm-lmn-l. The AHH assay was doune according to
t.e methods detailed in the SOP entitled "Radioactive Assay of Benzo(a)pyrene
(BAP) Monoxygenase (aryl hydrocarbon hydroxylase).” The microsomal sample was
mixed with purified tritiated BAP and other substrates, and incubated

10-30 min at 37°C. The reaction was stopped, the sample extracted with
hexane, and aliquots from the upper and lower phases were counted in a liquid
scintillation counter to determine the relative amounts of metabolized and
unmetabolized BAP. Appropriate calculations were done to determine the total
moles of BAP metabolized per milligram of microsomal protein.
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All 80Ps are available to the Project Officer or bkis representative from
the USEPA Toxicology Branch upon request. A summary of the biological
parameters measurad in Phase II and III appears in Table 2.
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RESULTS

ENGINEERING
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Distribution Studies

Aerosol distribetion studies were conducted to determine the distribution
of the smoke in each chamber (DTIC AD No. Al44875).

In summary, when aeroscl was generated in the chambers without animals,
the estimate of the covariate was found to be statistically different from
one. In addition, there were main effect differences from front to back and
from right to left. The maximal difference from any one of these effects was
2.4%, which was well within engineering feasibility constraints. Furthermore,
when the study was repeated with animals using similar conceatrations, none of
these differences were found. The test for the covarxate's equality to one
could be rejected. Among the factors, one interaction effect appeared to have
statistical significance, but differences among the means could not be
detected when subtesting was performed.

Py (

Chemical Characterization

il
bwm."'.vw

Using HPLC, individual chromatograms were obtained for 37 samples from the
four fog oil swoke exposure chambers. A typical chromatogram is shown in
Figure 1. In each chromatogram, the peak heights of 12 major peaks were
sumed. The individual peak heights wvere them divided by the total of all the
pez=k heights yielding a normalized peak height expressed {n percentages for
each chromatogram. Mean peak heights were then obtained for each exposure
chamber (Figurve 2). The results indicated that there was a general
homegeneity (within 2%) for the chromatopgrams of the different chambers. The
greatest difference between chamhers occurred ia peaks K aud L. The
differcace way be due to the differenece in fog oil smeke concenteatliovas (i.e.,
1.5 wa. 0.5 ag/l). Beeasuse K and L wege minor peaks and the differcice waa
ssall, we did sot cousider this to be a problem.
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TABLE 2. BIOLOGICAL PARAMETERS MEASURED IN FOG OIL SMOKE STUDIES

Phase III

Parzmeter Phase 1I Part A Part B Part C
AHH activity X X X X
Behavior (Fig. 8 maze) X
Body weight X X X X
Cardiopulmonary X
Clinical chemistry X X
Cytochrome P450 X X X X
Edema x* X X X
Hematology X X X X
Immunology X X
Pathology x? X X X

N Pentobarbital-induced

S sleeping time X
Pulmonary cells X X X
Pulmonary physiology X X X X
Zosiazolamine-induced
paralysis time X X X X
a. Females aund males.
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Figure 1. Typical HPLC chromacogram of fog cil sample.
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Particle Size Distribution and Exposure Concentration

Partinle size was detemmined for all four chambers during each phase of
the study. The mass median aerodynamic diameter (MMAD), geometric standard
deviation, and the mean exposure concentrations with the staudard deviations
for Phases II and III appear in Table 3.

TABLE 3. PARTICLE SIZING AND EXPOSURE COHCENTRATIONS
PER FOG OIL SHMOKE CHAMBER FOR PHASES II AND III

Geometric
Standard Target Actual
Phase Chamber MMAD Deviation Conc.(mg/L) Conc. (mg/L)
II 1 1.26 ¢ 0.05° 1.46 0.5 0.50 * .01
2 1.06 £ 0.24 1.52 0.5 0.49 * .01
3 1.02 * 0.24 1.52 1.5 1.49 £ .03
4 1.16 £ 0.28 1.49 1.5 1.5 2 .04
I1IA 1 1.18 £ 0.04 1.46 0.50 0.50 % 0.02
2 1.19 £ 0.07 1.48 0.50 0.51 + 0.02
3 1.35 £ 0.06 1.46 1.50 1.50 ¢ 0.03
4 1.32 £ 0.10 1.45 1.50 1.50 £ 0.02
IIIB 1 0.35 £ 0.07 1.66 0.20 0.20 £ 0.01
2 1.08 £ 0.15 1.54 0.50 0.50 2 0.01
1IIC 3 1.11 £ 0.06 1.49 1.50 1.50 ¢ 0.04
4 1.19 £ 0.08 1.47 1.50 1.50 ¢ 0.05

a. Mean & standard deviatioa.

BIOLOGY
Phase 1

Mortality Studies

Four groups of 10 male and 10 female rats each were exposed to i1.0, 5.0,
1.0, or 9.1 mg/L of the fog oil smoke for 6.0 hr. Mortality was observed for
14 days postexposure. Mortality obsegved at 11.0 s/l was 100%, 9%% at 5.0 mg/l,
20% at 1.0 mg/L, and 0% st 0.1 wg/L. Grows observation of tissues from dead
animals indicated severely hemorrhagic luags sad bleeding from the mares peiar
to death.




Prior to performing the LCgy studies, several preliminary studies were
completed so that a relevant estimate of concentration could be determined.
Ten female rats were exposed to 9.78 £ 0.76 (SD) mg/L for 2.0 hr. Groups of
five male and five female rats each were exposed for 4.0 hr to 1.95 2
0.42 mg/L, 3.40 * 0.33 mg/L, or 6.18 £ 0.67 mg/L. Fifteen female rats
were exposed to 1.01 % 0.03 mg/L for 6.0 hr, and five male and five female
rats were exposed to 5.28 * 0.23 mg/L for 3.5 hr or 3.18 2 0.10 mg/L for
2.0 br.

LCgo Studies

A total of 338 rats (160 males, 178 females) was exposed to various
concentrations of fog oil smoke for either 2.0, 3.5, or 6.0 hr. The 2.0-hr
concentrations ranged from 0.54 to 11.54 mg/L; 3.5-hr exposures ranged from
0.33 to 8.88 mg/L, and 6.0-hr exposures ranged from 0.80 to 2.82 mg/L. The
percentages of rats dying by sex, exposure time, and exposure concentration
appear in Table 4. The observed mortality rates for each exposure duration,
pooled over sex, are plotted in Figure 3. The rates for each length of
exposure, for each sex, are displayed in Figure 4.

Using the UNIVAC version of Generalized Linear Interactive Modeling
(GLIM), various multiple probit and logit regression models were applied to
the study data. In the form of Equation 2 (see Methods Section), the largest
models included variables for concentration, exposure time, and age, and all
first- aad second-order interactions of these variables. For one set of
analyses, logarithms of all continuous variables were used; the other set
simply used the arithmetic values.

The general strategy employed in the model-fitting process was to find the
most parsimoaious medel with respect to model terms that explained a
substantial amount of the variation in the rats’ mortality rates. By
successively dropping each interaction term from the model while retainiag
main effects and all other interactions of the same or lower order, chi-square
statistics derived by comparing the likelihood from the enlarged model to the
reduced model were obtained to test for the countribution of each model tarm.
Tests of main effects were performed oanly if the effect was nct involved ia a
significant (o = 0.Q5) iateraccioa.

Summaries of these tests for both probit and logit models, with and
vithout using logarithms of comtinuous type variables, are shoun in Table §.
1f only effects that contribute significantly to form a probability model to
characterize rat mortality are retained, the simplest model that could be fit
to the data wvas a multiple logistic model containing an overall mean and terms
for concentration, esposure time (TIME), and the interaction of coscentration
and exposure time. Ia the form of Fguation 2, this model estimates the visk
of a rat dying, uvder the coaditisas imposed in this e¢xperiment, as
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TABLE 4. MORTALITY DATA FROM LCg, STUDIES

Tagd c .
- S oncentration . _
A Time Received % Mortality
2% (hr) (mg/L) Male Female
T 2.0 0.54 0 0
A 3.90 20 40
ey 5.30 0 10
i 7.20° - 33
) ‘n“? 7.64 10 20
. ;&Q 8.02 40 60
11.54 100 80
3.5 0.33 0 0
2.43 0 20
4.28 10 20
4.63% - 22
5.92 80 90
8.88 90 100
6.0 0.80 0 0
1.13 0 0
1.46 0 10
2.00 0 0
2.82 60 60

a. These additional tests were done because a failure in the
watering system caused some of the animals in the
7.64-mg/L-2.0-hr group and the 4.28-mg/L-3.5-hr group to be
without water for a period of time prior to exposure. This
incident did not appear to affect the percentage of mortality
observed.

P =9 [-4.41 = (0.131 x CONC) - (0.265 x TIME) (3)
+ (0.350 x CONC x TIME)],

vhere ¢ refers to the cumulative logistic functioa:

9 (2) = /{1 » e %), (4)
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Figure 3. Observed death rates pooled over ser for the acute mortalicy study.
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If the specific exposure times used in this study are substituted for TIME W
in Equatien 3, Equation 4 can be writteu in the form of Equation 3. For -
example, for the 2.0-hr exposure, Equatioa ) translates to }::j

'y

‘3

P=d [~4.94 ¢ (0.569 x CONC)]. j
Similarly, for 3.3 hr &
Ps 9 (-5.36 ¢ (1.0 x CONC)], =

aud for 6.0 hr

P =9 [-6.00 ¢ (1.97 x CONC)].
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TABLE 5.

LIKELIHOOD RATIO TESTS® OF CONTRIBUTIONS OF
EFFECTS USING MULTIPLE PROBIT AND LOGIT MODELS

Model
Probit Logit

Effoct D;gz:::mof L;gs No.xgogs L;gs No.xgogs
Residual 323 228.7 225.7 227.1 224.3
Dose 1 N NT NT NT
Time 1 NT NT 41 7% NT
Sex 1 2.1 2.5 NT 2.0
Age 1 NT 0.2 NT 0.1
Dose x time 1 0.0 21.2% 3.4 21.5%%
Dose x sex 1 3.3 1.5 3.9% 2.5
Dose x age 1 5.3% 3.9% 5.0% 3.
Time x sex 1 1.1 0.3 1.8 1.1
Time x age 1 3.9% 1.5 3.2 1.0
Sex x age 1 2.0 0.8 2.0 0.5
Dose x time x sex 1 0.1 0.0 G.2 0.0
Dose x time x age 1 0.5 1.3 0.4 1.3
Time X sex x age ! 3.8 0.9 2.9 0.6
Dose = sex x age 1 2.6 1.1 2.3 0.8

3.

Froa GLINM.

bh. Hot tested.

* p(x? » value) < 0.05.

&~ ?(12 » value) ¢ 0.008.
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The fit of Equation 3 to the observed mortality rates is shown in
Figure 5. Estimates of the concentrations resulting in various mortality
percentiles could be estimated from Equation 3 for each exposure time. Also,
by estimating asymptotic variances for each of these concentrations,
appropriate confidence limits could also be calculated. However, given the
large amount of heterogeneity of variance of observed deaths about the
logistic regression lines, coafidence limits estimated by such an approach
might be too narrow,

Therefore, separate logit models in the foim of Equation 1 were fit to
data for each exposure time using the Probit and Logit (PROLO) program
(Russell et al., 1977). The 2.0-hr data suffered from heterogeneity of
variance. The 6.0-hr data reflected too high an index of significance for
potency estimation. Only the data corresponding to 3.5 hr were sufficient
enough to use for the estimation of fiducial limits. Estimated concentrations
corresponding to the 10-50% mortality rates at 3.5 hr are shown in Table 6, as
well as 90% fiducial limits for the true concentrations reflecting these
rates. The risk of a rat dying from a single 3.5-hr exposure is estimated as

P =¢ (-5.75 + 1.11 x CONC) (5)

where ¢ is defined as in Equation 4.
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Figuse 5. Fit of muluple logistic model (Equation 3) o mortalicy daca.
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TABLE 6. ESTIMATES OF CONCENTRATIONS CORRESPONDING TO
10 TO 50% MORTALITY AFTER 3.5-HR EXPOSURE TO FOG OIL SMUKE

Concentration 90% Fiducial
% Mortality (mg/L) Limits (mg/L)
10 3.21 (0.32, 64.11)

20 3.9 (2.03, 4.71)

30 6.462 (3.07, 5.21)

40 4.82 (3.81, 5.74)

50 5.19 (4.35, 6.35)

Histopathologic evaluation of samples taken during the subacute LCgqy study
was conducted. The mortality data from the LCso study, with the addition of a
summary of histopathologic observations for each group, are preseanted in
Table 7. Tissues from dead animals or animals killed just prier to death
(moribund killed) were taken from two animals per sex per exposure groun For
some exposure groups, fewer than two animals per sex died, in which case
histopathologic studies were conducted on fewer than four animals. In
addition, two animals per sex from four exposure groups were terminally killed
after a 2-wk postexposure period.

No significant histopathologic changes were observed in the upper
respiratory tract (nasal cavity, larynx, aud trachea) of rats that died, were
moribund killed, or were terminally killed. A minimal to moderate aumber of
histiocytic macrophages were present in the sianusoids of the peribroachial
lyinph nodes from rats that died, from moribund killed rats, and from rats that
were terminally killed. The number of histiocytes was greater than expected
in a lymph node from a normal rat; however, sinuscidal histioeytosis would de
expecied sequelae feliowing the pulmoaary injury described below.

The most seveve pulmonary lesions were observed in the lungs of animals
that died or vere moribund killed. Higtopathologic changes were less severe
in rats killed af:ier the 2-wk postexposure period. Lung changes ia rats that
died or were moribund killed were indicative of vaseular injury. The
connective tissue arouand @ost pulmonary vessels was distended by o minimil to
goderate amouat of edematous fluid, aad various degrees of subacute
wnflammatory reaciion (neutrephils and macrophages) wvere preseat agound the
vesgels. The lumans of vessels were lined by inflammatory cells. Muluiple
focal hemorrhages, strands of fibein, and scatlaered macrophages were preseat
in the alveolar lumens. FBosinephilic edematous fleid was nated in (he
pulmenacy alveoli. Several lusgs cemtained eosinophilie aad degeaerats
alveolar walls, aad occasionally as alveelas wall was thickeaed. Soae of the

3
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thickened walls were due to the presence of inflammatory cells, and other
thickened walls were due to the ecrly proliferation of Type Il epithelial
cells.

After the 2-wk postexposure period, no histopathologic changes were
present in the respiratory tract of several exposed rats. Minimal to slight
degrees of residual lesions were noted in other terminally killed rats. The
decreased severity of pulwonary lesions in these rats iundicated that pulmonary
repair was occurring.

Preliminary Mortality Studies for Phase JI

In preparation for the 4-wk range-finding studies, animals were exposed at
the concentrations fCONC) and times listed in Table & for 4 days/wk for 4 wk
to determine a CONC x TIME combination that weuld not cause death. While
essentially no mortalities occurred during these exposures (Table 8), another
problem was identified. Animals exposed to fog oil smoke for 4 wk had
substantially decreased weight gains compared to nonexposed znimals. Animals
appeared to be anorectic duriag the 4 days of exposure but did eat over the
3-day period cf nonexposure. Water intake also decreased. Table 9 shows the
weight chacges observed ia animals weighed prior to treatment and after
treatment.

Because of weight differences between control and exposed animals, several
additional studies were conducted. A histopathology study was undertaken to
determine if lesions occurred in the digestive tract or liver. Such lesions
could indicate if ingestion of the oil was a problem. It should be noted that
the absence of such lesions would not necessarily mean iagestion was not a
problem because changes, for example in liver fuaction, could occur without
producing lesions detectable by routine histopathology. Three male and three
female rats were exposed to 2.0 mg/L, 3.5 hr/day, 4 days/wk for & wk. No
significant treatment-related lesions were noted in samples taken from the
digestive tract or liver. Lesions in the lung were similar to those
previously noted.

Because the weight differences noted between control and exposed animals
were discevered as a by-preduct of another experiment, an experiment designed
specifically to study weight differences was performed to verify this
shservation. Four groups of rats each containing 10 males and 10 females were
tgeated for 3.5 he/day, & days/wk, for & wk as follows: coatrol animals held
i gelding racks (Air-NC), aaimals in a coutgol chamber treataed exactly as
snimals that received s wvhole-body exposure of fog oil smeke {Air-WB),
vhalebody exposure to 0.3 mg/L fog oil smoke (0.3-W8), and whole-dody exposure
to 2.G ag/L (2.04WB). For the sceond through fourth weeks of exposure, twe
additional groups weve added. Both of these groups weve placed ia Plexiglass
godules (MD) to obtain a nose~only exposure, and thus preveat isgestion due to
preening. Ofc group was expused To 2.0-@z/L fog oil smoke (2.0-MD), and one
group was placed in the control chamber (Aie-MD) Weisghts of animals were
determined cvery Monday peice to beginning exposutes for that week and cvegy
Thuesday following csposures. Total veight zain for the d-wk period was
determined for the whole-body exposuses as the agimal's fousth wveck
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TABLE 8. MORTALITY RESULTS OF CONCENTRATION x TIME STUﬁY

Average Txposure
Total No. of Ccacentration Length
Days Exposed (mg/L) ~ (br) Dead/Living Sex
8 0.31 t 0.02° 3.5 0/10 F
8 0.31 £ 0.02 3.5 0/10 M
12 0.51 ¢ 0.03 3.5 0/10 F
12 6.51 2 0.03 3.5 0/10 o}
16 1.06 ¢ 0.08 3.5 6/10 F
16 1.06 £ 0.08 3.5 0/10 M
16 1.54 £ 0.04 3.5 0/10 F
16 1.56 £ C.04 3.5 0/10 M
16 2.05 £ n.05 3.5 1/10 F
16 2.05 2 .35 3.5 0/10 |
16 1.06 £ 0.05 6.0 1/10 F
16 1.06 2 €.05 6.0 0/10 M

a. Mean ® standard Jdeviation.

TABLE 9. EFFECT OF YOG OIL SMOKE EXPOSURE ON ANIMAL WEIHT

Weight Change Over a 4-wk

Exposure _ Exposure Period e
Regimen Male Female
Nomexposed +191.8 *746.3
2.0 wgfl-3.5 he + 14.2 - 6.3
1.0 mg/L-6.0 he v 10.5 - 5.0

S

a. All antmals were exposcd For the indicated auuber of hours pee
day, & days/wk, for & wk.
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postexposurs weight minus its first week pre-exposure weight. The weight gain
over the last 3 wk was also compared among modular-exposed and whole-body
exposed animals io a senarate analysis. An analysis of the whole-body
exposures (Figure 6) indicated no significant difference between the Air-NC,
Aix-WB, and 0.3-WB groups. Each of these groups, however, registered
significantly greater weight gains than the 2.0-WB group regardless of sex.
This verified our previous observation that whole-body exposure to 2.0 mg/L,
3.5 br/day, 4 days/wk, for 4 wk resulted in significantly lower bodly weight
than in comparable controls, whether or not the controls are actually put in
chamber. Weekly weight gains for these same animals were also analyzed and
showed that for each week of exposure the weight gain in the 2.0-WB group was
significantly less than all the other zroups (Figure 7).
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Figure 6. Towal weighe g2in in males and fomaled over 4-wk exposure. NCz no
chimbir, WH = whele body. Freror bars represent the standard error
of che mesn. *Sigaificantdy different fran control (p< 0.03).
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Figure 8 shows the comparison of type of exposure \modular vs. whole body)
in controls and animals exposed to 2.0 mg/L for the last 3 wk o the
expeviment. For females, the interaction between type of exposure and
concentration was marginally significant (p = 0.08). This appears to be due
to the larger difference in weight gain between control and expcsed animals in
the whole-body groups versus the modular groups. This suggests that in the
females some of the weight difference in the whole-body exposure might have
been due to ingestion. In males, however, although the effects on weight gain
from both types of exposure and from concentration are highly significant
(p = 0.0001), there was no interaction between concentration and exposure
type. As the figure indicates, the difference between exposed znd control
animal weights was about the same whether or not the modules ware used. This
indicated that in the males the difference in weight gain was due to
inhalation. It should be noted that the mwodules used in these experiments
were not ideal because the module itself caused a weight loss.
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0 Y74 2.0 mg/L-MD 3{-’-
O air-ws
S 56 - | [J2.0 mg/L-wB ]
:‘E’ 2
2 “r 10 i
m 4 *
2 T
28 +- \\ ~
3 A
Y
o /EN I\
Females Males
Sex

Figure 8. Change in weight over the last 3 wk of cxposure comparing modular
(MD) and wholesbady (WB) groups. Error bass represent the siandard
evror of the mean. *Significantly different frae control (p< 0.03).
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Phase I1 - Subacute Ranpge-Finding Studies

Male and female rats were exposed for 4 wk in a 3 x 2 x 2 experimental
design. The tiuree variables included filtered air, fog oil smoke
concentration (0.5 or 1,5 mg/L), frequency of exposures per week (2 or
4 days/wk), and duration of daily exposures (70 min or 3.5 hr). Each
bioclogical paramete:r was tested on these 12 groups except for cardicpulmonary
parameters that, for logistical reasons, were tested only at the highest
concentration, the longest time and the 4-day/wk frequency. Also,
zoxazolamine-induced paralysis time was completed only for the 4-day/wk
frequency because of technical difficulties. All measurements were made on
the day after the last exposure.

Body Weight

Two sets of data were collected. The weights of one subset of six animals
per group were measured immediately before the first and after the last
exposure for each of the 4 wk. Secondly, weights of all the animals were
routinely measured before the first and afrer the final exposure in the study.
Weight change during each of the 4 wk was examined in both a multivariate and
univariate three-way ANOVA. The multivariate ANOVA indicated that the mean
vector of weight changes was significaatly (p = 0.0001) affected by exposure
concentration, frequency, and duration. The univariate analyses of each
weekly weight change showed that, during the last 3 wk of exposure, the same
effects were sigaificant as in the multivariate case. The analysis of the
first week's weight change indicated a marginally significant exposure time
effect (p = 0.06) aad a significant conceatration by frequency interaction
(p = 0.03). During the first week, although weight g.in decreased with
increasing fog oil smoke concentration, there was a much greater difference
between the air coatrol group and the 1.5 mg/L group, for animals exposed
4 days/wk (22.3 g), thon for those exposed 2 days/wk (4.8 g). For the
remaining 3 wk, weight gains even in the 0.5-mg/L group were significantly
lower than in conttols, poouling over frequency and duration of exposure.
Figure 9 shows the effects of the different exposure regimens oa weight gain
during the weekly exposure periods. !n every case, weight gain decreased as
concentration of fog oil smoke increased. By examining Figure 9 {(A-D), it is
also apparent that weight gain degreased when time of exposure was increased
from 70 min to 3.5 hr. 38y comparing parts A through D of Figure 9 one can see
that veight gain was less in the 2-day/wk frequency cempared te the 4-day/wk
frequency. Since weights were taken immediately before and after exposure,
Figures 9A and 9B represeat weight gain across a 2-day period, whereas
Figures %C and 9D represeat weight gain across a 4~day period.

The total weight change from just prior to the first exposure uatil
immediately after the last exposure was examined jn all animals. This
analysis indicated a significant thres-vay iateraction (Figure 10). Analyziag
cach frequency group separately, animals exposed I days/wk experienced
significant weight changes duc to the effects of both tog o1l smoke
coneentration and exposure time. These effects appeaced fo bBe additive for
thig frequeney group. For anumals exposed & days/uk, weipght change wvas
sigasficantly affected by thy iuieraction of fog oil smoke coacenteativy and
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Figure 10. Weight change over the entire 4-wk study. *Signilicantly different
from covtrol (p<0.05).

exposure time (p = 0.0002}. Least squares means of weight gain for animals
exposed 4 days/wk for 70 min were 84, 94, and 92 g by increasing
concentrations of fog oil smoke. For arimals exposed 4 days/wk for 3.% hr,
the corresponding means were 100, 87, and 78 g. Weight gain was much more
variable in the coatrol group than in other treatment grovrs.

Histopatholegy
Histopathology was conducted as summarized in Table 10.

For Exposure Group A, no significant microscopic tindings were observed in
the nasal cavity, eyes, heart, skin, larynx, trachea, kidney, liver, stomach,
duodenum, testes, or epididymides. However, a fewv incidental findings such a3
focal chroaic myocarditis, focal tubular regeneration in the kidney,
uniilateral seminiferous tubular atrophy and a corresponding lack of spewmm in
the epididymides were observed occasionally. Focal hemorchage, histiocytos:is,
and focal hemosiderosis were obgserved occasionally ian pervibronchial lywph
nodes from all concentration groups.

Histopathologi¢ findings were similar 10 Rhe right diaphragatie and lert
lobes ot the lung. A miaimal aacunt of peribroachial lymphocytie tnfilteate
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TABLE 10. HISTOPATHOLOGY OF PHASE II - SUBACUTE RANGE-FINDING STUDIES

Exposure Group A Time Exposed No. of Male Rats

Air (Control) 2 days/wk-70 min 4

0.5 mg/L 2 days/wk-70 min 4

1.5 mg/L 2 days/wk-70 min 4

Air (Control) 4 days/wk-70 min 4

0.5 mg/L 4 days/wk~70 min 4

1.5 og/L 4 days/wk-70 min 4

Air (Control) 2 days/wk-=3.5 hr 4

0.5 mg/L 2 days/wk-3.5 hr 4

1.5 mg/L 2 days/wk-3.5 hr 4

Air (Control) 4 days/wk-3.5 hr 4

0.5 mg/L 4 days/wk-3.5 hr 4

1.5 og/L 4 days/wk-3.5 hr 4

No. of Rats

Exposure Group B Time Exposed Male Female
Air (Control) 4 days/wk-3.5 hr 5 6
0.5 mg/L 4 days/wk-3.5 hr 6a 6a
1.5 mg/L 4 days/wk-3.5 hr 7 8

a. In the 1.5-mg/L exposure group, male number 420 and female number 464 died
after two exposure periods, and female number 466 died after ome exposure
period.

was present in most lungs and vas considered to be normal. A minimal number
of macrophages were scattered throughout the pulmonary alveolar lumens of most
animals exposed to fog oil smoke for 70 min. Usually only one macrophage was
in an alveolus and these alveolar macrophages contained eosinophilic
(protein-like) material in their cytoplasm. Oae rat exposed for 70 min/day
for & days/wk exhibited a slight increase in the number of mwacrophages in the
alveolar lumeas. The incidence of lungs with lesions was lowest (1 of

4 lungs) for rats exposed 70 min/day for 2 days/wk at 0.5 mg/L. Pulmonary
lesions ia most rats exposed for 3.5 hr at 0.5 or 1.5 mg/L were similar to
those noted in rats exposed for 70 min and consisted of macrvophages in the
alveolae lumens. However, the number of asacrophages in the alveoli was
greater in the group exposed for 3.5 he/day for & days/wk at 1.5 mg/l.

For Exposure Group B, treatment-related microscopic changes were obsceved
in the luags of male and female gats of both roncentration geoups. [hese
changes included a diffuse acqumulation of mavrophages withia the alveoli of
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exposed male aud female rats. The degree of severity was councentration
related with slight to moderate involvement in the 1.5-mg/L exposure group and
minimal to slight involvement in the 0.5-mg/L exposure groups. In affected
rats, scattered alveolar macrophages were present throughout the lung. In
addition, four of six male rats at the 1.5-mg/L exposure level also had slight
to moderate multi-focal pneumonitis. In these rats, multifocal
hypercellularity of the alveolar wall, associated with an interstitial
infiltration of subacute inflammatory cells, was observed. In addition to the
accumulation of macrophages, polymorphonuclear inflammatory cells were also
present within the alveoli of male rats with pneumonitis. Other changes that
were observed within the lung were considered to be incidental and most
frequently included peribroachial and perivascular lymphoid infiltrates.

No treatment-related changes were present in other tissues examined in
this study. A few incidental lesions such as chronic myocarditis, tubular
regeneration in the kidney, apd seminiferous tubular atrophy in the testes
were occasionally observed. These changes were considered to be within normal
limits for rats of this age and strain.

Pulmonary Physiology

The following parameters were analyzed: diffusing capacity of carbon
monoxide (DL _ ), total lung capacity (TLC), vital capacity, end expiratory
volume (EEV)foniLrogen (N2) washout slope, No washout corrected for changes in
EEV (CEVSLP), luag wet weight, lung dry weight, and body weight. Multivariate
analysis showed effects due to time and conceatratioa but not due to
frequency. There was also a CONC by TIME interaction. Univariate analysis of
the individual parameters showed sigunificant effects in lung wet weight, lung
dry weight, and EEV (Figures 11-13). For both lung weights there was a
significant concentration effect and CONC by TIME ianteraction. Lung weight in
the 1.5-mg/L exposure group iancreased significantly comparsd to that of the
air control group at the J.5-hr duration time regardless cf frequency. At the
3.5-hr/day and 4-day/wk exposure, EEV showed a concentration response. The
1.5-mg/L treatment for this regimen was significantly different than all other
treatment groups. EEV of the 0.5-mg/L group was significantly elevated
compared to that of the air coantrol group for that particular regimen. In
groups exposed for 3.5 hr/day, 2 days/wk, there was a trend toward a
concentration-related increase in EEV, but no statistically significant
changes were observed. No significant effects were foupd in the other
pulmonary physiology parameters (Figures 14~19).

Results for the diological parameters from the second replicate data set
were compared to those from the first experiment le examine the
reproducibility of the test results. A variable, REP, was assigued a value of
one if the data arose from the first study or a value of two if it was
produced in the secoud study. A two-way ANOVA model was thea fit to the
combiped data set coataiming the response vaciables of primary taterest. A
signi¥icant CONC by REP interactioan isdicated noureproducibility among
seplicates.
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Figure 11. Effect of 4-wk exposure 1o fog oil smoke on lung wet weight.
F,= 2 days/wk; Fy= 4 days/wk; T, = 70 min/day; T, = 3.5 hr/day.
*Significantly different from control (p<9.05).

g. : .1.5 g/t
S wn I
Q F‘?z -
[
- - -
a2 RN I ]
8 RN Rl siia oo
£ »
¥ w — ,
'-J!;-; e T N .
< Fo¥s DLl iiciciiiicicedaid
S % :
5 , ) | NS I\ L ol
| 0.0 0.1 0.2 03 0.4 0s 0.6
\

g}
i

Lung Dry Weight (g)

ity

3
-2 2%,

Figure 12, Fffeer of $4.wk expasure to fug ail smoke on luag dev weighe.
F,o22 dave/whk; Foed dans/whk; T, « 79 mia/day; T, a 3.5 he/dav.
*Sigaificandy diffcrsse from coatrul (p< 0.0%).

.

o )

I’
)
"
-'" Ll A * . - e » - ~
4;‘“§.%"i‘#%,.“..\;\; S ~ ‘P"-,ﬁ Trane B :‘ ‘?“ﬂl -"‘,'?A:" :s**‘ \’:‘\ P u:‘\.i‘:‘r:“.a »a ::4 SN “\"i‘ o gt " '* ‘*‘
. . » " i . o . - - - - -
'5'§ '\sﬁ,a_& = RN Y R TS SO ;.:,.g R R R R SN N ‘*"k"‘a\.”“ ,\u ‘%‘\."




$ T T T T T Y Y
. FyTy __J Caw
| i!;\ . - - Z @0.5 mg/ bk
3'..: o s'r‘ 7 B ] s mont
0 VT3 ,
Y g KTy P e r s r e
: ,
o T2 .|
P
2 oo o
NOWN G AA A7 77 P PSS IS LA 7 A S LIPS
a
7,
X Fa¥y 7 ,
T, __J
RYy [
FaT2 .
L i ] ] ) L L |
0.0 2.5 1.0 1.5 2.0 2.5 3.0 35 4.0
EEV (mlL)

Figure 13. Effect of 4-wk exposure to fog oil smoke on end expiratory volume
(EEV). F, = 2 days/wk; F.= 4 days/wk; T, = 70 min/day;
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Figure 17. Effect of 4-wk exposure to fog oil smoke on nitrogen (Np) washout
slope. ¥, = 2 days/wk; F,= 4 days/wk; T, = 70 min/day;
Ty=3.5 hr/day.

H I T T ¥

—
B | (e - , ~ _
Pl O e e 2
Fy Ty @MMIE e R T :

o 16 mglt
= ?'fz - me -~
g Fy Ty (S PIPPD ////J /f i 2 ////’ L
G gy,
1]
-~
32 Rh . : : :
g FT E//g///g/ 2 /4///////4 g/ prTre
d ? e APl
x kol
FaTy L e e ] .
‘2?2 [:///////// -’/'////// /// //////,:
Fa¥y

' L A b L l aades
-08 -07 0§ -0§ -04 -03 -02 -01 00

CEVSLP [log percent N,/(CEV/EEVH

Figuee 185, Effecr of wk expostirc o fog oil unoke an aittogen (N wishott
slope corrected for EEV (CRVSEP). CEV = Cumulative expirstasy
volutec. F, » 2 dawm/wh; Foad dava/wk; T, © 70 mia‘day;

Vs 3.5 be/day.

Q8
AT NS RS R R o ~ap—h l~~:.r“n,~-~. EE AN SRS ne e e . LT P
. e ‘a/"}‘;‘ &‘ - i - \ i viaﬁr‘ \,\,::K DI YRR Y A b
< E P G . R N o d o &



FTy : . ] Claw

R .

AT, — | D2
1.5 mg/L

FyTy — W

r PR

T;

FaTy ]

T B

AT R —

FaTs J

Roly BZrirrriir i res ]

FaT2 F_-
1 1 1 1 l ] 1

0.00 0.05 0.10 0.15 Q.20 0.25 0.30 3.35
DL¢g (ml/min/tore)

Exposure Group

Figure 19. Effect of +-wk exposure to fog oil smoke on diffusing capacity
(DL¢o). Fi=2 days/wk; Fp= 4 days/wk; T, = 70 min/day;
T:= 3.5 hr/day.

When the respouses were sxamined in a two-way multivariate ANOVA, there
was no indication of a significant REP by CONC interaction with respect to the
aggregate response. Significanc probabilities ranged from 0.23 to 0.24,
depending on the particular test statistic employed (Williams' or t tests).
The aultivariate tests of REP and CONC were both statistically significant
regardless of the particular test statistie. Univariate ANOVA medels were fit
to each of the depeadent variables to see which variable responses were mest
and least affected in terms of reproducibility and overall concentration
response. lIn no case was a significant REP by CONC intervaction detectable.
For the DL , TLC, N» slope (log of the percentage of Nafbreath), vital
capacity, ﬁgV. lung dry weight, luang wet weight, and body weight, there was a
significant REP effect (» < 0.01). Iun the absence of a REP dy CONC
interaction, however, this does not wean that these results wvere aot
reproducible from replicate vo rveplicate, but only that the
Coucentration-respohse pattern shifted noticeably up or dowa.

Luag dry wveight {p = 0.0001), luag vet weight {p = 0.0002), and SEV
(p = 0.0068) vere the oaly responses that showsd sigaificant
copcentration~eelated effects pooled over both replicates (Figures 20 and 21).
Iadividusl contrasts of mean control versus mesn resposse at cach of the two
fog oil wmoke cancentrations iadieated that fog BEV, the omly sigaificaat
differeace cecurfed betueen Controls and the high coaveatration (p 5 0. 007),
The sae 3itual;on eQeurred For lung dey (p 2 0.0001) and wer (p = 0.0001)
weights. None of the parameters tested showed sigaifivent cffeets at the
Q. 3«ng/L coacentration.
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Casdivpulmonasey Physialegy

Twe groups of 13 rads wvere obtaised opn diffevear days. Of ¢
12 saimals, nalf were aiv controly, aad half veve eupossu to 1.3 mgib

fog oul
saake, 3.3 bDefday, & davsivk for & wk. Of the 24 animals, 16 wera uysed to
SEuidy uulaausvv fanetion, and the cemaining § were used for cardicvascular
evaluative, Siy anizels in the pulsenapy function group and twe of the eight

A

vardtovasselar geoup rats could pot be used because of surgival fatlurer.  The
daza from five contruls eod five treated anisals revealed ne siguificast
#if¥orences b pulmonasry {ulction affer stsfisticsl apal¥sis ustiag ¥ fests.
Aithough 201 statiztivally sigmificant, the data sugpested inegeaued
Expifatasy felidtafce 1o treated anjmals thatl may Rave caused a slight
elevatisg 1a bfeathiug vate and ratespleural pressuse
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Figure 21. Pooled rveplicate effect of 4-wk exposure to fog oil smoke on EEV.
Error bars represent the standard error of the mean, *Significandy
diiferent from concrol (p<0.05).

Because only three treated animals and three coatrols were examined for
cardiovascular effects, results were inconclusive. Originally, an additional
group ¢f 12 apimals (6 exposed and 6 unexposed) were to be provided for these
parameters. [owaver, this would have involved running two chambers for 4 wk
with orly six animals each. We decided not to do this aad the project officer
concurred.

Pylmonacy Edema

The main respoase of interest in this end poiant is protein copcentration
{a the cell-free, lung lavage fluid. The logs of protein level were fit ta a
saturated three-way ANOVA model. The analysis detected no significapt
tateractions involving main effect due to exposure duration but did show a
sigaifiecaat (p = 0.039) exposure frequency Dy exposure coacentration
interaceion (Figure 22). Post hoc € tests of the differeances in least square
seans indicated that protein levels in rats exposed to 1.5 mg/L of fog oil
smoke, & deysfuwl, vere significantly elevated ovey coantrol response
(p = 0.0001) and also significantly elevated (p = 0.007) in comparison to the
®ean level i aniwaly expesed to the same fog oil smoke conceatration, bur fog
oniy 4 daysivk.

8 gegayd o the veproducibility of replicates | and 2, the first
peplivate showed meau lavaege flu:d protein concefitration te be ~levalsd
approsimately 8% Ly the 0.5-ag/l cxposare and approximately T2% by the
V.S«ag/l level {Figure 22). The second experiment had 4 highee basal lavage
£luid protetn caaceateation but ghewed someshal the same patters: little ov
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no elevation at the 0.5-mg/L exposuie level and a 36% increase at the 1.5~-mg/L
exposure level. Univariate ANOVA of the data from both replicates indicated
no interactions that would prohibit poeoling of data from both replicates.

When this was done, appropriate contrasts indicated a significant elevation of
lavage fluid protein concentration at the 1.5-mg/L exposure level (p = 0.0023)
but not at the 0.5-mg/L level of exposure.

Because both sexes were exposed in the second replicate, a possible
difference between the response of male and female rats ~+as investigated using
two-way ANOVA on the data of this replicate only. No effects iavolving gender
were detected, indicating that the rasponse of malez and females was
statistically indistinguishable (Figure 22). When data from males and females
were pooled, the increase cver control at 1.5 mg/L in lavage fluid prctein
concentration was significant, as was the jincrease seen when pooled data from
tha two replicates were analyzed.

Pulmopary Cells

Total cell counts, cell viability determinations, and differential cell
counts were periormed on cells from pulmonary lavage fluid. The parameters of
interest (total cells, percentage of viability of total cells, aad perceatages
of macrophages, lymphocytes, polyworphoanuclear leukocytes [PMNs] and
eosinophils) were examined with univariate saturated three-way ANOVA models.
Total cells were log-traasformed, and percentages of PMis and eosinophils were
arc sine square root transformed to satisfy better the usual ANOVA
assumptions. There was still evidence of considerable non-normality of the
latter two percentages, however, even after such transformation. Post hoc
subtests of standardized differeaces in least squares means comparing coatrol
group mean versus each fog oil smoke concentration group mean were performed
for each combination of exposure frequency and exposure duration. Thus, eight
such tests ware performed or each of the above parameters. To hold the
overall Typs I ecror to 5%, only the resuits of such tests that were
sigaificant at the 9.05/8 = Q 006 probability level are cited here as
stgnificant. The ANOVA of logs of total cells indicated significaat main
effecns of exposure Fragqueacy {» = 0.0001), exposure duration (p = 0.04), and
exposure concentracion (y % 0.04). Tha only subiest that was significant at
the adjusted probability level was (he 4. fference between control and the
1.5~mg/l concentration group means for animals exposed 4 daysjivk for 3.5 hr
(Figure 23). HNo other such test even approacned significance. Thus, it
appases that for the worst case exposure there was an influx of cells into the
Lung. The ANOVA of the perceatage of wiability iadicsted a significast
theee-vay integwetion {p = §.01) hetwesn frequeacy, duration, and
councentration. The post hoe t test af the control means versus the 1.5-mg/lL
asans for (he 2-day/wk~T0 min exposure group was sigaificaat (p = 0.000)) with
seans of &Y aad 89%, vespectively. This result appeared to de due <o
abpormally lov values for the countrol and 0.5-mg/l groups (Figure 23). Yhe
eely sther test appreaching significance (p 5 0.02) vas the test of the
difference in means bhetuaen conteals (83%) and the 1.5-ayg/l group (91%) 1am
agimais exposed & daysfek for 3.5 ke

ANOVA of the perceéatage of macgopdages also indicated a three-way
isteraction (p = 0.02) betucen tac three factors considesed. Examining the
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post hoc t test results, only the difference between the control group mean of
51% and the 0.5-mg/L group mean of 75% in the 4-day/wk-3.5-hr group approached
the adjusted significance level with a probability of 0.0125 (Figure 23).

The interaction of coacentration and time was significant (p = 0.001) for
the percentage of PMNs. There was no indication of an interactise or main
eifect involving exposure frequeancy. Of the post hoc tests of differences of
least square means, two werz2 significant at the p = 0.0001 level (Figure 24):

1. the control mean of 0.6% versus the 1.5-mg/L mean of 16.9% for rats
exposed 2 days/wk-3.5 hr/day, sad

2. the control mean of 2.4% versus the 1.5-mg/L mean of 15.1% for rats
exposed 4 days/wk-3.5 hr/day.

With respect to the percentage of lymphocytes, the three-way interaction
was again sigunificant (p = ©.002). Three of the t tests were significant
(Figure 24) at the adjusted significance lavel:

1. the coatrol group mean of 53% versus 13% for the 1.5-mg/L group for
animals exposed 2 days/wk-3.5 hr/day

2. the coantrol group mean of 47% versus a 0. S-mg/L group mean of 18% for
rats exposed 4 days/wk-3.5 hr/day

3. the control group mean of 47% versus tue l.5-mg/L group mean of 23%
for rats exposed 4 days/wk-3.5 hr/dsy.

The percentage of eosinophils showed a marginally significaat threze-way
interaction {p = 0.07) in the ANCVA. Only one of the post hoc tests was
significant: the difforence between the control mean of 0.0% and the 1.5-mg/L
mean of 0.8% in animals exposed for 3.5 hr, 4 days/wk for & wk. (Figure 24).
Sigrificance levels for this variable should be viewed with extreme cautiou,
however, due to heteroscedasticity and non-normality problems.

Figure 25 compares the Phase Il replicates for pulmonary cell counts. The
combined replicate analyses indicated a significant increase in total cells
following a l.5-mg/L exposure. This appears to be due to a significant
(p = 0.0001) influx of PMNs (Figure 25), which was sigaificant for each
replicate and when the replicates were combined. The combined replicate
analysis also indicated a siguificant (p = 0.030) increase in total cells at
0.5 eg/L, but the percentage of PMNs was not significantly increased at
0.5 ﬂg/L. Viability of the pulmonary cells (Figure 29) appezred to be
significantly enhanced by the fog oil smoke treatmeant, at beth the 0.5-amg/L
and 1.%5-mg/L concentrations; however, there was a sigaificant iateraction
between teplicates. Effects wege actudlly geeater ot 0.5 mg/l than ac
1.5 mg/L.

The percentage of alveolar maerophages fecovered decreased with iacreasing
conceatration when veplicates 1, 2, and 3} were coembined {Figure 23). There
was 3 significant iategaction between REP and CONC byt this was probably due
to the uausually lov contzol value for the first eeplicate. The decrease in
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percentage of alveolar macrophages co-responded to an increase in percentage
of PMNs. The percentage of lymphocyte replicates indicated a variety of
responses (Figure 25). Based on the individual and combined analyses, there
was no effect due to fog oil smoke on the percentage of lymphocytes.

Behavioral Response

Activity of rats in a figure-eight maze was recorded via eight photodiode
pairs mounted in the maze. A saturated three-way ANOVA model was initially
fit to these activity counts. However, to satisfy the usual ANOVA assumptions
better, logarithms of these counts were also analyzed. The latter analysis
indicated thazt the three-way interaction between exposure frequency,
concentration, and duration was significant (p = 0.0085), thus precluding our
ability to look at tests of main effects or lower-order interactions within
the framework of this model. To explore the nature of this interaction,
separate two-way ANOVAs were run on the logs of the activity counts for each
frequency of exposure (2 or 4 days/wk). The ANOVA of counts for those animals
exposed 2 days/wk indicated a significant CONC by TIME iateraction (p = 0.02,
Figure 26). Post hoc tests of the standardized differeace in least square
means for rats exposed 70 min and for rats exposed 3.5 hr, at each fog oil
smoke concentration, indicated the most significant difference occurred in the
controls (p = 0.03) exposed to air rather thaa fog oil smoke. The two-way
ANOVA for animals exposed 4 days/wk did not detect any significant interaction
or main effect. In fact, a pattern nearly opposite to those exposed 2 days/wk
occurred. This was undoubtedly the reason for the three-way interaction.
Comparison of replicate 1 to replicate 2 of the 3.5-hr/day, 4-day/wk, 4-wk
experiment showed a marked variability makin, 't difficult to interpret,
especially with regard to the 0.5-mg/L exposure level (Figure 26). At the
1.5-mg/L level, there appeared to be a trend toward increased activity;
bowever, this was unot statistically significaant.

Clinical Chemistry

Both multivariate and univariate three-way ANOVAs were performed. A
significant amount of variance heterogeneity among the different treatment
groups was evident. No standard transformation helped. Data were therefore
rank transformed. The same analyses were then vun on both the uatranstformed
and rank-transformed data. The multivariate analyses could not detect any
significant effect due to fog oil smoke concentration. The results shown in
Table 11 were at least marginally significant for the univariate analyses upoan
examination of the eight coatrasts comparing controls versus fog oil smoke
groups for each combination of exposure frequency and exposure durstion.

Analysis of the elinical chemistry pavameters combined from replicates !
and 2 showed no statistically significant changes due to treatmeat (Figures 27
and 28). From a qualitativ standpoiat, examination of the means, pooled over
replicates, revealed a mona.oaie incepase or decrease with gespect to fag oil
smoke econcentration for albuotn, choleztegol, dilirubin, cholifesterase,
levcine aminopeptidase, ine ‘ganic phosphoreus, and protein. Becausr there ia
a2 33% chance ef sceipg a @ow0EOALC tncrfeaze of deCfease in the ezamination of
meds respofises at thvee cutvenfrations, attd Because we were examifiing
20 variables, we would expect 8 ofr T vartables to show such a trend by chance.
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TABLE 11. EFFECT OF FREQUENCY OF FOG OIL SMOKE EXPOSURE
ON CLINICAL CHEMISTRY PARAMETERS

Variable Contrast Exposure P Critical pa
Albumin Air vs. 0.5 mg/La 2 days/wk-3.5 hr 0.018 0.006

Air vs. 1.5 og/L® 2 days/wk-3.5 hr  0.018 0.006
Aldolase Air vs. 0.5 mg/L 2 days/wk-3.5 hr 0.016 0.006
Blood urea Ng Air vs. 1.5 mg/La 2 days/wk-70 min 0.01) 0.006

Air vs. 0.5 mg/L 2 days/wk-3.5 hr 0.003 0.006
Creatine kinase Air vs. 0.5 mg/L 2 days/wk-3.5 hr 0.003 0.006
Protein Air vs. 0.5 mg/L 2 days/wk-3.5 hr  0.033 0.006 |
Aspartate Aic vs. 0.5 mg/L 2 days/wk-3.5 hr  0.004 0.006 |
aminotransferase

Air vs. 0.5 mg/L 4 days/wk-70 min  0.0014 0.006

~

Cholinesterase Air vs. 0.5 mgfLa days/wk-70 min  0.0014 0.006

Air vs. 1.5 mgfLa

[ 54

days/wk-70 min  0.0001 0.006

a. p=0.05 % 8.

Hematology

Nine variables were examined for this eund point: white blood cell count
(WBC), percentages of PMNs, percertages of lymphocytes, red dblood cell count
(RBC), mean corpuscular volume (MCV), mean corpusculag hemoglobin (MCH), mean
corpuscular hemoglobin coaocevtration (MCHC) in erythrocytes, percentage of
hematocrit, and hemoglobia. Multivariate amd univariate ANOVAs were performed
on thrze variables to examine them both collec¢tively and individually.

Because no standard transformation unifermly corrected both the
heteroscedasticity and non-pormality of the ANOVA model residuals, the
variables were rank transformed. The adbove analyses were thus run oa both the
untransformed and rank-transformed variables. Multivariate amalysis of
aeither the untransformed nor the zank tranzformed data igsdicated any
multivariate effact of fog oil smoke comcentration. The umivariale Pesu.ts
shown i Table 12 vere ai least mavgimally siganificaat.
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TABLE 12. UNIVARIATE RESULTS OF HEMATOLOGY PARAMETERS

Variable Contrast Exposure P Critical p"l
MCV Air vs. 0.5 mg/L 4 days/wk-7¢ min 0.018 0.006
MCY Air vs. 1.5 mg/L 4 days/wk-70 min 0.010 0.006
Hemoglobin Air vs. 0.5 mg/L 4 days/wk-70 min 0.006 0.006

a. p<0.05%8.

A consistent trend toward significance of a particular exposure regimen
over several end points did not emerge, nor were there effects in the worst
case exposures (highest concentration for the longest and most frequent
exposure). No notable effects of fog oil smoke exposure appeared on
hematology end points, st least with the sample sizes used here. However,
when hematology parameters measured in replicates 1 and 2 were analyzed
together by a multivariate A¥Ma -wdel some effects were noted. There was no
indication of a multivariate interaction (p = 0.64, Wilks' criterion) or an
overall fog oil smoke concentration effect (p = 0.18, Wilks' criterion). The
univariate ANOVA for MCV indicated a highly significant main effects test
(p = 0.0054) due to exposure concentration {Figure 29). Changes in the RBC
were marginally sigaificaat, given the sumhar of regnoncas evamined. Thus,
although the velume of red blood ce: s significantly decreased with
increasing concentrations of fog oi ke (p = 0.05 ar the 1.5-mg/L level),
the RBC appeared to increase with £, ..' swmoke concentration. The other
parameters were aot affected by fog oil smoke exposure (Figure 30).

Xenobiotic Metabolism

Peatobarbital-lnduced Sleeping Time

The parameters measured by this assay, time to loss of righting reflex
after injection of sodium peatobarbital and elapsed sleeping time, were
exaained using both muletivariate and univariate ANOVA methads. When the
saturated three-way multivariate ANOVA wvas fit to the vector respoase
comprised of these two times, there was a significant effect on the joiat
vespense due to exposure Uime (p = 0.043) and a masginally significant
fateraction (» = 0.09) of exposure frequency and conceatration. To
investigate these effrets furthep, the univariate three-way ANQVA of each
vesponse varizble was examined. The analysis of loss of rightime »aflex times
imicked the multivariate findings with the sigaificant effect (p = 0.0219)
due ts cxposyre time and 3 @3::ieally sigaificant (p = 0.0833) exposure
Frequency by Qoticentration iniegaetion (Figurs 31). Least squace estimates of
Beaf Uimes To less af rightiag refleox were 11.07 and 9.69 mia for the TQemin
384 3.5-hr ezpesure groups, respectively.  Adumals exposed & days/uk showed s
deereasing mean aumber of winufes to less of righting feflex with tavreasing
fag 531} zmoke cuncenlsatlion. Huweves, atit@als expascd [ days/wk showed 3
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tp< 0.05). **Siguiiicanely difterene lroem coatrel (p< 0.00).
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decline in loss of righting reflex time ac 0.5 mg/L of fog oil smoke but
showed an increase at 1.5 mg/L. Using subtests of the differecces in least
square means for the animals exposed 4 days/wk, thz response at 1.5 mg/L
(9.6 min) was markedly different (p = 0.006) from the control response. For
the animals exposed 2 days/wk, there were no significant differences between
coutrols and fog oil smoke exposed groups.

With respect to pentobarbital-induced sleeping time, there were no
significant effects due to concentration, frequency of exposure, or exposure
duration. The least square means from the analysis reflected a trend in the
expected direction. Mean sleeping time for animals exposed 2 days/wk was
50.2 min and for animals exposed & days/wk waz 49.1 min. For rats exposed
70 min and 3.5 hr on each occasion, sleeping times were 52.7 and 46.7 nin,
respectively. At 0.0, 0.5, and 1.5 mg/L, sleeping times were 56.1, 45.6, 3nd
47.4 min, respectively. Figure 31 plots mean sleeping times over fog oil
smoke concentration for each combinatiot of exposure frequeancy and duration.
Only in animals exposed 3.5 hr/day for 4 days/wk was there apy indication of
the expected concentration respuuse; the conceatration response in the other
three groups was generally flat. 'hen we analyzed only the 3.5-hr exposure
group, we saw a significant (p = 0.02) effect due to fog oil smoke
concentration. Although this test was biased because it was performed after
the fact, it did indicate that sleeping tiwe was more than negligibly affected
by fog oil smoke concentratioun.

Figure 32 shows a comparison of replicates 1, 2, and 3 for the 3.5-ht/day,
4-day/wk for 4-wk exposures. Considering the third replicate data separately,
sleeping time increased slightly with increasing fog oil smoke concentration.
This contrasted with the previous replicates in which a monotonic decrease in
sleeping time was seen with increasing conventration. The result was a highly
significant (p < 0.01) interaction between REP and CONC. The data were then
examined taking two replicates st 3 time. Only when che secoad and third
replicate data were combined was the ianteraction pot statistically
significant. There was no difference, however, between sleeping times of
animals from the different fog oil swmoke conceatratiocns whea pooled over these
two replicates.

Zoxazolamine~Induced Paralysis Time

This end point was measured only for animals exposed & days/wk as
explained earlier. Tvo measurements vere taken, thy time from injeccion to
loss of righting reflex and the time the animal remained paralyzed. Because
the response is multidimessional, both multivariave snd unpivariate methods
were used to analyze the data. Logarithms of both measures vere takes to
improve homogeneity of variance and the nowmal distreibution of residual
asgtaptions. A saturated tvo-way multivariate ANIVA medel was fit to the
response vector comprised of both loss of nightieg reflex aud parvalysis times.
This joiat response was sigarficantly affecisd Dy both exposure voncentration

(p = 0.000)) aad duration (p = 0.0604;.

The upivariate analyses iadicated EHat most of the effects seen ih the
Gultiviariate ANOVA droxe with respect Eo parslysis fise aad nel loss of
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Figure 32. Effect of 4-wk fog oil smoke expasure on pentobarbital-induced sleep-
ing ume by replicace, *Significantly different from contvel (p<0.05),

tighting reflex. The ANOVA of the latter indicated no sigaificant main oy
interactive effects from concentration cr exposure duration. Figure 33
depicts mean loss of righting reflex with increasing fog oil smoke
concentration for each exposure duration. The geometric mean losgs of rightiag
reflex was 4.42 min 1n controls, and was 4.45 and 4.99 min in the 0.5- and
1.5-m3/L concentration 8roups, respectively. With respect to exposure
duration, mean times te loss of righting reflex were 4.42 aud 4.81 min for the
To~min aund 3.5-hr exposure groups, respectively.

The univariate ANOVA of paralysis time indicated highly sigaificant
effects due to both expasure concentration of fog oil smoke (p = 0.0001) and
duration (p = 0.0001; Figure 33). Least Squares geometri¢ means wepe 228,
108, and 87 min for the air coutrol, 0.5-mg/%, and 1.5-eg/L exposure groups,
tespectivaly. For the ?0-min and 3.5-hr exposure groups, geoastric mean
responses werve 162 and 103 min, respectively. From Figuce 23, we can clearly
Ste there is no evideace of an exposare conceatration dy durastion interaction.
Thus, we cag reasonably sssume that, for paralysis time, these twe Factoes dre
additive,

Figure 346 shows a Coxparison of the results from replicates § and 2. g
both replicaves, pParalysis time was significantly depressed after CXPoOsuLte Lo
both .5 and 1.5 ma/L of fog oil smoke in a coficentration-dependent manner.
Zoxazolamine taduction time was 8ot affected by for o1l smeke exposure (data
oL shewun).
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Figure 33, Effect of 4-wh fog vil smoke exporure on goxarolamine metabolisea.
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Figure 34. Eifeer of 4-wk foy oil smeke expasure an xenobiotic metabolism by
replicate. A, Paralvsis time; B. AHH acrivity. *Significantdy different
from contral (p< 0.0%). **Sigaificandy differeat (rom
cuatyol (p< 0.0D).
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Enzyme Activity

This end point was not assayed during the previous 4-wk exposures.
Because there was only one replicate, a one-way ANOVA by concentration was run
against each response. In the casc of a significant (p < 0.01) main effect of
concentration, the Williams' test for lowest effective concentration was
applied. AHH showed concentration-related effects (p < 0.001, Figure 34).
The Williams' test indicated that the AHH mean at 0.5 and 1.5 mg/L was
significantly different from that of controls.

Whole-Body versus Nose-Only Exposures (Zoxazolamine-Induced Paralysis
Time)

The comparison study of whole~body to nose-only exposure using
zoxazolamine-induced paralysis time as an end point was analyzed. Analysis
consisted of a two-way ANOVA on the primary parameter of interest,
2zoxazolamine-induced paralysis time. The two factors weve the method of
exposure, whole-body (WB) or nose-only (NS), and the fog oil smoke
conceatration of 1.5 mg/L or filtered air.

ANOVA indicated no sign of an interactive or main effect on paralysis time
due to the method of exposure. Either method or pooling over methods
indicated a highly significant effect due to fog oil smoke exposure at
1.5 mg/L (Figure 35).

s F S
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Figure 35. Comparison of whole-bodv and nose-only exposure methods vn
paralvsiy time. **Significamdy dificrene from control (p<0.01).
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Immunolcgy

Natural killer (NK) cell activity was determined at four
effector-to-target cell ratios ranging at twofold intervals from 1 to 25 to 1
to 200. The multivariate ANOVA showed ouly an effect due to concentration
(p = 0.05). Figure 36 stows that this was due to an increase in cytotoxicity
in the fog oil smoke-expcsed groups. Figure 37 shows a graph of NK cell
activity for the differert exposure groups. NK cell activity increased in fog |
oil smoke-trssted animal: axposed & days/wk for either 70 min or 3.5 hr, and '
2 days/wk for 3.5 hr. However, post hoc t tests showed that the only results :
approaching sigaificance were at the 1:200 and 1:50 ratios. For the 1:200
ratio, the difference be.ween the control and the 1.5-mg/L group meauns ftor the ‘
2 days/wk=-3.5 hr exposur: yielded a significance of p = 0.02. The same
contrast for the 4-day/wc group tor the same duration time did not approach !
significance. For the 1-50 assay, the differeace between the control and the '
1.5-mg/L group means for 4 days/wk-3.5 hr/day yielded a significance of )

p = 0.03.
|
i
40 T T T |
7 o—& Ar ‘
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pigure 36, Bifcet of 4-wh fog oil smoke cxpostire on VR cell evtolveie activiy.
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Figure 37. NK cell cytolytic activity for the different exposure groups expressed
as log of elfector-to-target cell rario. F, = 2 days/wk; F; = 4 days/wk;
T, =70 min/day; T;=3.5 hrs; 1.4= NK25; 1.7= NK30; 2.0 = NK100;
2.3 = NK20). Error bars represent the standard ervor of the mean.
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Responses to mitogens are expressed as counts obtained for the individual
mitogen treatments less background counts obtained froe cells exposed oanly to
media. For statistical analysis, square root-transformed values were used to
improve variance homogeneity and normality of residuals. Multivariate ANOVA
of transformed spleen cell data indicated a significant frequency effect
(p = 0.0005) but no effects due to concentration or time. A similar analysis
of peripheral blood cells also showed frequency as the only significant effect
(p = 0.0045). Univariate ANOVA was also performed for each mitogen tested in
spleen and for each mitogen tested in peripheral bloed. Eight post hec
t tests comparing the controi versus each fog oil smoke exposure group mean
for each frequency-exposure-time combination were examined to determine for
which, if any, a significant concentration-related effect could be seen. For
both spleen (Figure 38) and peripheral blicd (Figure 39), only the differences
between the centrol mean and the 1.5-mg/L mean in the longest exposure and the
highest frequency group appeared to appreach signifiecance. For this group,
the spleen tuo-sided p values for the mitogens PHA, Con A, and PWM were 0.04,
0.03, and 0.06, respectively. For peripheral blood, p values for the same
mitogens were 0.03, 0.07, aad 0.05; havever, if these values were adjusted fov
the nusber of contrasts examined, these results would not reach sipaificance.
Also, i the second teplicate, tihis frend Toward decreasing respofisc to
mitogens with inceeasing foyg oil smoke vonuventrations for both spleen and
periphezal bload culture did aot occur (Figuees 40 and &)
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¥ uare roots of differential counte were analyzed for responses of splenic
and peririeral lymphocytes to mitogens. Multivariate ANOVA of these variabies
by replicate and concantration irdicated a weak interaction (p = 0.091);
howevar, there was no evidence o a multivariate effect due to concentration
(p = 0.66). There was a strong effect due to replicate (p = 0.002). Noae of
the univariate ANOVA. indicated either a sipnificant (p < 0.1) interactive or
sain e2ffect due to concentrstion. None of thesc variables indicated a
significant concentratisn-related effect when aaalyzing only the second
replicate da:a. If there were effects due to these fog oil smoke
concentrations with respect to the immunology parameters aunalyzed lere, we did
not .ave enough power to detect them.

A thiid replicate was conducted for NK vell activity because the resulrs
of the first two replicates were inconclusive. Four effector-to-target cell
ratics were tasted at twofold intervals ranging frem 1:200 to 1:25. Resules
for each effertor-ty-target cell ratio were analyzed separately by two-way
ANOVA. For all replicates combined, no main effect of fog oil smoke
coacertratic~ was detectable for NK50, NK10QU, or NK200 (Figure 42). For NKZ3,
an interactiosn (p = 0.054) beiween replicate and fog cil smoke concentration
was indicated. Apparently this was Jecz.se the second replicate (which was
comprised of only thrse animals per group) differed markedly from the first
and third replicate, each af which showed enhanceu NK cell activity with
increasing fog oll smoke concentration. Looking at these anzlyses tweo
replicates at a time, it was evident that replicates | and 3 reflected the
most consistent response. This can be seen from the interaction between
replicate and exposure concentration for each of four raties. These two
replicates als- ‘ndicated main effects due to fog oil smoke exposure not ounly
for VK25, but © for NK5J and NK'00. Pooled ovesr these two replicates,
tests of diffs_caces between least .yuare means indicated thac for NK25, the
mesa per.eotaze of lysis was aignificantly higher than control response at
both 0.5 and 1.5 mg/l; for K¥>+, only the mean st 1.5 mg/L was significantly
highev than control; and for NK100, results vere the same as for NK25. Thus,
if the second replicate (I rat! is .gnored, the data showed enhanced NK cell
activity at three of the lour effector-to-target coll ratios ia rats exposed
to 1.5 mg/L of fog oil smoke (Figure &3)

Tadle 13 shows a suasary of the subacute range-finding study results.

Bhase {Il - Subchron.e Studies

Part A

[a this study, male rats vere expesed for 13 wk, © hefday, « days/wk, to
filtered aie, or 0.5~ or 1.5-m/L fog oil swoke cothceatzatiecas. Half the
animals were assessed the day after the last wxposure (uesrecovery) aad half
were assessed after 3 G-wk gecovery period (recovery).

Histogatholoegy

Hematoxyline atd contdeatained Bistologle seCtioni wege prepared amd
evaluate! histapathologically from the following Uissues: eyes, heart, skin
(Bid-dorsal region), laryux, pecibroachial lysoh acde, traches, vight
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Figure 43. Effzcts of 4-wk fog oil smeke exposure on MK cell eyrolytic activity
cxpressed as effecror-co-targee cell ratio.

diaphragmatic lobe of the luang, left lobe of the lung, kidaeys, liver (left
lobe)}, stomach, duodenum, testes, epididywides, and three sectivus of the
asal . caviey.

Treatment-related microsco~ic (hanges vere observed in the lungs aud the
peribronchial lyamph nodes of L. le rats in beth soacentration groups folloving
the 13-wk exposure Lo fog oil sumoke. Similar changes ¢f decreased severity
wvere present ia the lung and peribreachial lysph sodes in @ale rats following
the recovery peviod.




TABLE 13. SUMMARY OF PHASE 1I - SUBACUTE RANGE-FINDING STUDIES

Parameter Effect

Histopathology Dose~-related ¢ in alveolar macrophages
Pneumonitis in 4 of 6 males exposed at 1.5 mg/L

Pulmonary physiology + EEV, lung wet and dry weight
Lavage fluid protein + at 1.5 mg/L
No male/female difference
Pulmonary cells ¢ in PMNs and total cells at 1.5 mg/L
Behavioral response nNs?
€linical chemistry Ns?
Hematology Ns?
Pentobarbital-induced xs?

sleeping time

Zoxazolamine-induced Decreased at 0.5 and 1.5 mg/L
paralysis time

AHH activity Increased at 0.5 and 1.5 mg/L

lsmunology Pagsible eahancemant of NK cells

a, NS = po significant effects.

In male rats exposed for 13 wk to fog oil smoke, a diffusa sccumulation of
@acrophages was preseal in the pulmopary alveoli. Although the distribution
of microphages iavolved all regions of the pulmonary pareschyma, the number of
alveotar macrophages in the alveoli was greater near the terminal brenchioles.
The degree of severity was coaceatration rvelated with moderate to suderately
gevere involveseat in the !.S-mg/L cxposure grouy, aand miniamcl to slight
involvemeat ia the 0.5-mg/L exposure group. Similar chaoges were present
folloving recavery; hewever the degrvee of involvement was slightly decreased.

iy 3 moderate uuaber of . rolar macrophages vere present in the lungs eof
@ale rats in the 1. Semg/l » . ey group. There was very little differeace
between the appesrance of the lumg after 13-vk exposure or folloving the
recovery pariad at 0.5 o/l with sinimal to slight degeees of alveelar
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macrophages being present in both groups. Other changes observed in the lungs
that appeared to be associated with fog oil smoke exposure included focal
hemorrhage in 3 of 10 rats in the 1.5-mg/L exposure group following a 13-wk
exposure. Multifocal granulomatous pneumonia was observed in 1 of 10 rats
following the 13-wk exposure and in 2 of 10 rats following recovery in the
1.5-mg/L-exposed group. Other changes that were obsecrved within the lung were
considered to be incidental and most frequeantly included peribronchial aad
perivascular lymphocytic ianfiltrates.

Hultiple foci of macrophage accumulation were present in the cortical and
medullary sinusoids of the peribronchial lymph nodes of male rats in all
exposed groups but not in control groups. Lymphoid hyperplasia was also
observed in the cortex of the peribrouchial lymph nodes of many of the exposed
rats. The incidence and the severity of these changes were both concentration
related. However, little differance was present between the incidence or
severity at either exposure level when the findings at 13 wk were compared
with those following the recovery period.

At necropsy, the mandibular lymph nodes of several of the control and
exposed rats were described as slightly enlarged and red. Microscopically,
these lymph nodes had varying degrees of lympheid hyperplasia and congestion
of the cortical and medullary sinusoids. Although the incidence of these
findings was slightly greater in exposed groups than in the control groups,
the relationship to exposure is not clear. Oaly mandibular lymph nodes
described as abmormal at necropsy were examined histopathologically;
therefore, this tissue was not examined from all rats in the study.

No treatment-related changes were present in other tissues examined in
this phase of the study. A few incidental lesions such as chronic
wyocarditis, tubular regeneraticn in the kidney, and seminifercus tubular
atrophy in the testes were occasionally observed. These changes were
cousidered to be within nermal limits for male rats of this age and straia.

The terminal body, brain, lung, liver, kidney, and testicle weights were
recorded at necropsy. For other end points, the pathology data were analyzed
both sepavately by type of recovery and by combining recovery and nonrecovery
animals. Total body weight and the weights of each organ are plotted tn
Figure 44, and the ratios of these organs to total body weight are shown in
Figure 45. Oaly these ratios or transformations of them were analyzed within
a multivariate ANOVA framework. All ratio data was log-transformed to
alleviate heteroscedast:icity probleams.

Nultivariate ANOVA of the nonrecovery data of the logs of the
tissues-to-body weight ratios indicated a significant effect on the joiat
respotise (p = 0.0001, Wilks' criterion) due to fog oil smoke conceatralion.
Univariate ANOVAs indicated comcentration-related effects for the luay
(p = 0.001) and liver (p = 0.04) to body weight ratios. The Williams® test,
agsuwaing a monotonically ine¢reasing or deCreastag iread with increasiag
concenteation, iadicated that even at 0.5 ag/l, lung-te-budy weight rgatios
vere signtficantly ditfereat from those of vontrel:. Hraia, liver, and kiduey
veights az a peccentage oF tolal body weighl als. tfcreased vith coacenteatiog
but not szigerficaatly.
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Multivariate ANOVA of this same profile of ratios for recovery animals
also indicated statistical significance \p = 0.0001, Wilks' criterion) due to
concentration. Individual ANOVAs, however, indicated that only the
lung-to-body weight ratio was affected by fog oil smoke concentration
(p = 0.0001). Assuming a trend with increasing concentration, the Williams'
test found only the mean at 1.5 mg/L different from that of controls for the
same rat.o. The other organ percentages did not even qualitatively follow a
concentration-response relationship with fog oil smoke concentration.

A two-way multivariate ANOVA with fog oil smoke concentration and recovery
time as factors was run on the combined data set. There was no significant
interactive recovery time by fog oil smoke comcentration effect on the joint
response. Tue main effects of fog oil smoke concentration were significant
but there was no multivariate effect due to recovery time. The univariate
two-way ANOVAs indicated that the lung-to-body weight ratio was strongly
affected by fog oil smoke concentration and that this effect still rewained
after recovery.

Pulmonary Physiology

Individual ANOVAs of each parameter indicated concentration-related
changes in lung wet weight (p = 0.0001) and lung dry weight (p = 0.0001).
Lung wet and dry weights were affected similarly after 13-wk exposure with and
without the recovery period (Figure 46). Pooling over concentration groups,
lung weights were lower for recovery animals. 2ccording to the Williams'
test, there was still a significant upward trend in these weights, even for
recovery animals, with the 1.5-mg/L conceatration group significaatly
different from control. Williams' tests indicated that for lung dry weights,
the means for both nonrecovery and recovery animals at 1.5 mg/L
vere significantly greater tham their respective controls. For lung wet
weight, a significant increase was also seen at the 1.5-mg/L level for both
groups. No difference betveen any concentration group and control respouse
could be seen for EEV using a two-sided Williams' test (Figur: 48). However,
using a less conservative subtest (a t test of the least squares means), there
vas a significant (p = 0.028) difference between the 1.5-mg/L and coeontrol
groups of the noarecovery animals.

Combining the recovery with the nourecevery animals, the two-way
pultivagiate ANOVA indicated both recovery (p = 0.001, Wilks' criterion) and
concentration-related (p = 0.0001, Wilks’ ¢ritericn) effects on the joint
response. fadividual two-way ANOVAs of each respoase showed differences,
pooled over concentration groups, in Na washout levels due to recovery
(p = 0.0001). Figure &7 shows that recovery animal levels of the Ny wvashout
parameter vere lower than those for nonrecovery rats. The opposite effect wvas
apparent for N» washout corrected for EEV; the slope for nonrecovery animals
wvas generally lover (p = 0.914, Figure 47).
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Pulmonary Edema

Figure 48 shows the effects of fog oil smokc treatment on lavage fluid
protein concentration. Recovery animals alone showed a marginal (p = 0.082)
effect of fog oil smoke on lavage fluid protein concentration. Dunnett's
test, however, could not distinguish either concentration group as different
from controls. The two-way ANOVA indicated an interaction between recovery
and conceuntration (p = 0.038) on the lavage fluid protsin concentration.

Clinical Chemistry

For recovery animals, the joint response of the parameters studied did not
appear to be affected by concentration (p = 0.2168, Wilks' criterion).
Individual ANOVAs indicated that ouly amylase (p = 0.025) was influenced by
fog oil smoke (Figure 49). Dunnett's test (two-sided) showed that the amylase
level at 1.5 mg/L was significantly different from that of the controls.
Triglyceride levels, which showed a significantly decreasing tread in
nonrecovery animsls, were indistinguishable in recovery animals (Figure 49).
When data for the recovery animals were combined with that for the nonrecovery
animals, there was an overall recovery effect (p = 0.0001, Wilks' criterion)
but no conceatration-related (p = 0.3633, Wilks' criterion) effect.

Xencbiotic Metabolism

There was a significant concentratioa-related decrease in
zoxazolamine-induced paralysis time aad au increase ia AHH activity after

500 T T
— . '
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E? 400
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- 300
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Concentration {mg/L)

Figure 48, Effccr of wbehronic 13-wh cxpoaure and 3 4wk tecorcte prriad on
lavage fluid proteie
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13 wk of exposura. After the recovery period, AHH and paralysis time were
measured to dotermine the duration of the effect observed immediately after
the 13-wk exposure (Figure 50). AHH levels were log-transformed to correct
for heterogeneity of variance as had been done for nourecovery animals.
P.ralysis time and AHH activity were significantly affected after a 13-wk
exposure but returned to aormal during the recovery period. Among recovery
period animals, paralysis time increased with concentration but not
significantly as compared to nonrecovery animals that showed 2 significant
- decrease in paralysis time by conceatration. The two-way ANOVA combining data
for recovery and nonrecovery animals showed ap obvious interaction
(p = 0.0001) between the effects of recovery and concentration. Cytochrome
P450 concentrations were not significantly altered by 13-wk exposure to fog
oil smoke, nor did the recovery period show a lateat effect (Figure 50).
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Immunologg

Immunology data (mitogen data and NK cell data) for recovery and
gonrecovery animals were analyzed separately. Parameters of mitogen data were
transformed by taking the square root of the differemce between each mitogsn
and media count. Multivariate ANOVA of mitogen recovery data did not indicate
any significant effect of fog oil smoke concentraticn on the joint response.
The individual responses did not appear to be affected by fog oil smoke
concentration either. No significant interaction (recovery time by fog oil
smoke concentration) on the joint respeonse was evident in the multivariate
ANOVA of the combined data. Univariate ANOVA of individual responses showed
sigaificant effects of recovery on splenic Con A, PHA, and PWM respeases
(Figure 51). Recovery effects of boragerline significance were preseat f{ov
peripheral blood PHA and Con A responses; no effect was shown for PFuM
(Figure 52). No main effect due to fog 0il smoke concentration was imdicated
by either the multivariate or univsriate analyses of the parameters.

A significant effect of fog oil smoke concentration on the joint respoase
of the NK cell recovery data was indicated in the multivariate ANOVA
(p = 0.028, Willks' c¢riterton). Effects of fog oil smoke concentration on
individual responses were significamt (p < 0.02) for NK25 and NK200
effector-to-target cell ratios (E/T) dDut not NK50 and NK10Q (Figure 53). Feor
the combined data, no significant interaction (fog oil smoke coaceatratiea by
rzcovery) oun the joint response of the paraseters was evideat. Sigaificaat
main effects were indicated for hoth fog oil smoke coaceamtration (p = 0.0037)
and recovery (p = 0.0001). Consideration of individual responses by =eans of
univariate ANOVA revealed significant main effects of both fog oil smoke
concealration and recovery for NK E/Ts of 25, 100, and 200. Fer an NK E/T of
59, the effect of recovesy on Cytolysis was statisutically sigsificaat.
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TABLE 14.

SUMMARY OF PHASE III - SUBCHRONIC STUDY: PART A

Pulmonary Response

Parameter 13-wk Exposure 4-wk Recovery Period
Histopathology Dose-related % macrophiges » Granulomatous
Lymphoid hyperplasia pneumonja at
1.5 mg/L
Body weight at 1.5 mg/L Ns?
Lung weight at 0.5 and 1.5 mg/L + at 1.5 mg/L

Pulmonary paysiology

Pulognary edema

XS

NS

NS
N3

Systemi: Respoase

—

Histopathology

Clinical chemistry
Al activity

Zexazolamine~induced
paralysis time

Cytochrome P4SO

{maunology

Hyperplasia and
congestion of
mandibular lympk nodes
at 0.5 and 1.5 mg/L
Triglycerides

at 0.5 aad 1.5 mg/L

at 0.5 aad 1.5 ag/L

NS

iS5

Similar to 13-wk
exposure period

data

+ Amylase
NS
NS
NS
NS

a. NS = no sigaitficant effects.

Part B

Rats were exposed to gither atr, or 0.2 or 0.5 wmg/L of fog oil smoke for

3.5 he/day, & days/wk for 13 wk.

This study was a follow-up to the Phaze II!

Part A study, shich had expasure levels of filtered 2ie aad 0.5 aund 1.5 my/l
of fog oil zmoke for 3.5 hefday, & dayu/wk.
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Histopathology

After terminal sacrifice, necropsies were conducted on three groups of
10 male rats that were exposed to 0.2 and 0.5 mg/L of fog oil smoke and to
control air, respectively. Treatment-related microscopic changes were
observed in the lungs of male rats exposed to 0.2 and 0.5 mg/L of fog oil
smoke for 13 wk when compared to control groups. A diffuse accumulation of
macrophages was present in the pulmonary alveoli. The degree of involvement
was generally considered to be minimal to slight in rats exposed to 0.2 mg/L
of fog oil smoke and to be slight to moderate in rats exposed to 0.5 mg/L of
fog oil smoke. Other lesions observed in the respiratory tract that occurred
only in rats exposed to fog oil smoke included submucosal and subacute
inflammation in the larynx of 1 of 9 rats exposed to 0.5 mg/L, and submucosal
lymphocytic infiltrates in the larynx of 2 of 10 rats exposed to 0.2 mg/L and
4 of 10 rats exposed to 0.5 mg/L of fog oil smoke. Multiple foci of
macrophage accumulation in the cortical and medullary sinusoids observed in
the peribronchial lymph node of one rat exposed to 0.5 mg/L was similar to
that observed in earlier studies at higher concentrations.

At necropsy, the mandibular lymph nodes of several of the control and
exposed rats were described as slightly enlarged and/or red. Microscopically,
these lymph nodes had varying degrees of congestion of the cortical and
medullary sinusoids. The incidence of congestion was similar in control and
treated rats, and no relationships to exposure were present. Only mandibular
lymph nodes described as abnormal at vecropsy were examined
histopathologically; therefore, this tissue was not exawined for all rats in
the study.

No treatmeat-related changes were preseat in other tissues examined in
this study. A few incidental lesions such as chronic myocarditis, tubular
regeneration in the kidney, peribronchial lymphocytic infiltrates in the lung,
and focal chrounic inflammation in the liver were occasionally observed. These
changes were considered to be within normal limits for male rats of this aye
and strain.

Pulmonary Physiology

Two-way ANOVA on each respouse indicated either a sizable intervaction
between REP and CONC, or a main effect of REP for the following measures: Ny
washout slope (Ny-SLP, REP efrect, p = 0.0001), TLC (REP effecr, p = 0.036),
lung dry weight (REP effect, p = 0.008). The data for the two replicates at
0.5 mg/L were combined for the following parameters: coapliance, body weight,
lung wet weights, DL, and vital capacity. When the two replicaltes were
combined usiung 0.0 aid 0.5 replicate data, body weight decreased with
igcreasing cofcentration bul ot in a statistically notable fashion
(Figure 54). However, at 1.5 mg/lL, the obsegved decrease of 72 g i3
sitgaificant.

When the Williams' test was applied separately to each rveplicate’s dara,

luag wet and dey weilghts showed stigatficant trends with concentraltion
(Figure $4%). Other paramelers wetse ol sigarfrcant (Figure: 55 and 50).
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Pulmonary Edema

Three parameters were examined here: body weight, volume of lavage fluid
removed, and lavage fluid protein concentration. The two-way ANOVAs of the
data from both replicates for filtered air and at 0.5 mg/L indicated sizable
raplicate differences for both lavage fluid volume and lavage fluid protein.
Thus, the data for these two variables from the two replicates were not
combined prior to running Williams' test. Williams' test on lavage fluid
protein for the second replicate indicated that the mean response at 0.5 mg/L
was different f{rom the coatrol mean (Figure 57). Because there was svidence

) I 1 B
3 400 +- b
g
~
o 300 -
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£ 20 _a 7
2 e Replicate 1
P ®—@ Replicate -
2 00 = 8---@ Replicate 2
a.
0 1 )] ] 14
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— B0 =
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3 ‘\\
w ~E—- 16.0 - S =
o E
g 3 KO0 o— ——— —e i
g ©
42> 120+ -
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Figure 57, Concentration-sespome after subchronie 13-wh exposure on lavage
fluid protein and volume of lavage fluid secovesed. *Sigaificandy
different from control (p- 0.05.
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of nonhomogeneity of coaceatration group variances, the same analysis was
repeated by the ranked observationg. This showed that the mean rank of the
0.2-mg/L group was also different from that of control. This indicated that
the nominal significance probability of 5% was affected by the homogeneity
problem. There was no difference in the volume of lavage fluid recovered at
each conceatration (Figure 57).

Pulmonary Cells

Five parameters were analyzed: total cells, the percentage of total cell
viability, and percentages of macrophages, PMNs, and lymphocytes. These end
points were not examined in Phase III Part A; therefore, no combining of
replicates was involved in this analysis. The percentage of total cell
viability was oot affected by fog oil smoke concentration at any level
(Figure 58). Percentages of macrophages, PMNs, and lymphocytes, however, were
affected, with !.5 mg/L being the lowest effective concentration. There was
some heterogeneity amoag concentration group variances for macrophages and
PMNs, but analysis of the raanks of these variables yielded the same results.

Hematology

This eand point was not examined in Phase IIIl Part A. Information was
collected on 11 blood parameters, 9 of which had sufficient information to
analyze. A one-way ANOVA by fog oil smoke -concentration was run against each
of these nine responses. None could be detected as significantly affected by
concentration. Hemoglobin showed a general increase with coacentratiou but
was oot significantly affected (data aot shown).

Xenobiotic Metabolism

Zoxazolamine-Induced Paralysis Time

The parameters examined for this end point were iaduction time and
paralysis time. The two-way ANOVA on paralysis time indicated an (p = 0.017)
interaction between REP and CONC. Thus, the data for paralysis time were not
pooled over both replicates. Even when examined separately by replicate
(Figure 59), however, the mean parvalysis time of 189.5 win at 0.2 ag/lL is
significantly different from the coantrol amean of 270.6 mia with Williams’
test. There was no effect of increasiag concentration on induction time (data
not showa).

Enzywe Activity

From the two-way ANOVAs with REP aad CONC as factors, there was an
tateractioa invelving REP fer cytochrome P4%0. When we loosed at the
eytochrome PL30 coucentration response separately by REP with Williams' test,
there was 0o indicatios of 2 stalistically stgaificant corcenteation-celated

tread (datas mot shown). AMH showed 4 3igaificant inceeasinp tread wilh

concentration, and the amean rezposive ab even 0.2 me/lL wvas sig~- ¥fieaantly

differcal from conteol (Figure 33). However, thefc vete same nelefogefizous
10!
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' Figure 59. Concentration-respense after subchronic 13-wk exposure on paralysis
5 time and AHH acdvicy. *Sigaificandy different from
) control (p<0.08).
Va:j;
5 variances among the different concentration groups. The analysis of AlH was
repeated on the ranks of the ARH levels to check the resulus under more
- reasonable ANOVA assuvamptions. Whea Williams' test was applied to the ranks,
\:g the maximum likelihood estimates of the mean vanks at 0.2, 0.5, and 1.9 mg/L
I}:’s were indistinguishable, but all were sigaificantly higher than comtvol.
<
.}.2 Table 15 shows a sumaary of the cesults from Phase [I! - Subchromic Study:
a Pare 8.
=
SN Page O
2
) Male aad female rats vere exposed o filtered air or 1.5 mg/l of fog oil
e smoke for 13 vk to Compare the sex respomse 3t the 1. S-mg/l conceniration.
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TABLE 15. SUMMARY OF PHASE III - SUBCHRONIC STUDY: PART B

Pulmonary Response

Parameter 0.2 mg/L 0.5 mg/L
Histopathology Mild ¢ macrophages Moderate t+ macrophayge-
Body weight (c)® Ns® NS
Dry lung weight (s)€ NS $
Pulmenary physiology (c) NS NS
Pulmonary edema ?d fd
Pulmonary cells NS *+ % PMNs
+ % macrophages
+ % lymphocytes

Systemic Response

Histopathology NS NS
Hematology NS NS
AHH activity + +
Zoxazolamine-induced v *

¢ sl s [Caw yh e g9 ot B A 0 02 P el BN RS Coloames g me sy X4 Near e Wi USSR F. ey uh ey s ls s RPN P P W el s | AT

peralysis time

ol

Cytochrome P450 NS NS

S0P S

LI ¥ B aray K A . I N PR IENN ( I ol N o W Al A . U A

a. (c) = combined replicate data analysis
b. NS = no significant effects.
¢. (s) = single replicate data analysis.

4. Ouly occured in replicate 2.
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Histopathology :
! Treatment-related microscopic changes were observed in the lungs and E‘&
peribronchial lymph nodes of rats of both sexes eaposed to 1.5 mg/L of fog oil Qﬁg
smoke for 13 wk when compared to control groups. A diffuse accumulation of aﬁ?
macrophages were present in the pulmonary alveoli. The degree of involvement ?ﬁ‘
3 was slightly greater in the male rats than female rats exposed to 1.5 mg/L of oty
fog 0il smoke. Most of the male rats had a moderate degree of diffuse !!!
alveolar macrophages; female rats were generally considered to have only :ﬁi
slight iavolvement. Although the distribution of macrophages involved all ~{R
regions of the pulmonary parenchyma, there was an increased number of alveolar EQQ
macrophages near the terminal bronchioles. Other changes observed in the e
lungs that appeared to be associated with exposure to fog oil smoke included £
multifocal granulomatous pneumonia in 3 of 10 males, focal adenomatous [ <
hyperplasia in 1 of 10 female rats, and congestion and perivascular edema ic %Q\
3 female rats that died during the study. Multiple foci of macrophage dﬁ§
accumulation were present in the cortical and medullary sinusoids of the ?:q
peribronchial lywph nodes of 5 of 10 male and 5 of 10 female rats exposed to égg
fog oil smoke. e
At necropsy, the mandibular lymph nodes of several of the control and igf
exposed rats were described as slightly enlarged and red. Microscopically, *¥A
these lymph nodes had varying degrees of congestion of the cortical and ‘?g
medullary sinusoids. The incidence of congestion was similar in control aad ;ﬁ§
treatad rats of both sexes and no relationships to exposure were present. i%;

Onlv mandibular lymph nodes described as abnormal at necropsy were examined
his'. athologically: therefore, this tissue was not examined from all rats in
the :iudy.

No treatment-related changes were present in other tissues examined in
this study. A few incidental les:ons such as chronic myocarditis, tubular
te.generation in the kiduey, peribroachial lymphecytic infiltrates in the luag,
and seminifc sus tubular atrophy in the testes were occasionally observed.
These changes were considered to be within normal limits for male rats of this
age and strain.

Pulmonary Physiology

The same parameters that had been examined in other phases of the study
were also examined here. Multivariate ANGVA indicated averall effects of
gender (p < 0.001) and of concentration (p < 0.001) on the vector comprised of
these 10 respouses. No multivariate interaction of gender and concentration
vas evident for this overall response. When testved on 2n individual respease
basis, all the parameters indicated a main effect due to gender (p < 0.001),
males’ beiung greater than females' (Figures 80-62). Residual voluse indicated
a geander by copceatraliop interaction (p = 0.0446). When subtesting for
concentration effect by gender using stasdardized diffcerences of least square
Beans, we observed a significant i{acrease in residual volume in males
(p = 0.003) but act in females (p = 0.619). Ovezvall, borh sexes appear

equally sensitive to foy oil smoke exposuve. -
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Pulmonary Edema

ANOVA of protein levels showed no gender effect (p = 0.627) but a strong
fog 0il smoke effect (p < 0.001, Figure 63). Protein levels increased more in
females (p < 0.001) than in males (p < 0.039). Lavage fluid volume was
affected only by gender and not by fog oil smoke exposure.

Pulmonary Cells

Each of the parameters was analyzed in a two-way ANOVA. No interactions
involving gender «ad fog oil smoke were detectable. Total cells showed a
gender effect but no effect due to fog oil smoke concentration (Figure 64). A
strong (p < 0.001) effect of fog oil smoke, but no gender effect, was seen in
both percentages of macrophages and of PMNs. The percentage of lymphocytes >
was aifected by both gender (p = 0.053) and fog oil smoke (p = 0.042). No 7
effects of either gender or fog oil smoke were detectable with respect to

.w
* 5y
¢ ln’ D‘

¥

percentages of viability. R,
93:' S
Hematology K

From the two-way ANOVAs, there was evidence of gender and fog oil smoke
concentration interactions for MCV, MCHC, and the percentage of hematocrit.
For MCV, when subtesting by gender, levels dropped significantly (p = 0.022)
in females but not in males whose levels increased although not significantly
(p = 0.212, Figure 65). For the percentage of hematocrit, we saw a
significant (p = 0.006) decrease in females but no change in males. With no
interaction involving gender, the following showed aza effect of concentration
when pooled over sex: RBC (p = 0.020) and hemoglobin (p = 0.031, Figure 66).
RBC also showed a significant (p < 0.001) gender effect. WBC and MCH were
affected only by gender.

" ".'
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Y ."
.
e

e

)

QP TN
..

Xenobiotic Metabolism

Zoxazolamine-Induced Paralysis Time

Univariate ANOVA of paralysis time indicated a stroug fog oil smoke effect
(p = 0.001) but no effect of gender (p = 0.815, Figure 67). Subtests of the
concentration effect showed that paralysis time decreased morve in females
(p < 0.001) thaa in males (p = 0.033) for this study.

Enzyuwe Activity

There was no #vidence of a gender by fog oil smoke concentration
interaction for any of the variables tested. AHH activity was affected by

esposure to fog oil smolte. This was true wvhen pooling over gender (p < 0.001) .
or when examining males (p < 0.001) and females (p < 0.001) sepavately g
(Figuse 87). No changes Jduc to geader ot to fop oil smoke were detectable tn :f:
cytochrome P4SO levels. a

Table lo summarizes the resulls ¢f Phase = 1] Subchroate Study: Pagr €.
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TABLE 16. SUMMARY OF PHASE III - SUBCHRONIC STUDY: PART C

Pulmonary Response

Parameter

Female

Male

Histopathology

Body weight

Lung weight
Pulmonary physiology
Pulmonary edema

Pulmonary cells

Slight *+ macrophages
Overall male effect
*+ at 1.5 mg/L
Overall male effect
t at 1.5 mg/L

+ % macrophages

* % PMNs
+ % lymphocytes

Moderate * macrophages
Overall male effect

+ at 1.5 mg/L

Overall male effect

+ at 1.5 mg/L

macrophages

v %
?%P{S

Systemic Response

Histopathology

Hematology

A activity

Zoxazolamine-induced
paralysis time

Cytochrome P4OSQ

Congestion of
mandibular lymph nodes

-

MCV
¢ % hematocrit
¢ hemoglobin

t at 1.5 awg/L

<-

at 1.5 ag/L

<«
[7

Congestion of
mandibular lymph nodes

¢ RBC

t at 1.5 mg/l

.4
NS

NS

a. NS = po sisnificant effeets.
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DISCUSSION

Based on the results of these studies, there appears to be both a
pulmonary and systemic respoase in rats due to inhalation of fog oil smoke.
Mortality s\udies demoustrated a steep mortality curve by both time and
concentration. There was no difference between sexes as to mortality. The
LC50 for fog o1’ smoke was determined to be 5.2 mg/L for 3.5 hr of exposure.
Results were simii>r in the 4-wk subacute aad 13-wk subchronic exposures with
the extent of injury “eing conceatratioa- and time-related.

Body weight decreases were observed during both subacute and subchronic
exposures. This appeared to be the result of the fog oil smoke-exposed rats
not easting during the days whea exposures were occur:riag. Then, during the
intervening days from one weekly exposure to another. the animals ate and
regained some of the weight lost during exposure. It is therefore reasonable
to vonclude that increased fog oil smoke concentration and longer exposure
“imes coatributed to a decrease in normal weight gain over the exposure
reriod. During the subacute studies, increasing the frequency of exposure did
not affect body weight. The actual weight loss after the subacute exposures
in the worst case situation was less than 10%. This difference appears to be
due to an anorexigenic effect on the days when exposure occurred. bDuring the
subchronic studies, the weight loss in males was substantial (-72 g) at
1.5 mg/L and appears to be an indication of toxicity. The females also lost
weigh? during the subchronic study (-10 g); however, the loss was not
significant.

Male and female rats exposed to 0.5 or 1.5 mg/L of fog oil smoke for
either 70 min or 3.5 h:r/day. & days/wk for 4 wk, exhibited increzsed alveolar
macrophage populations in the alveoli of their lungs. The cytoplasm of these
macrophages contained eosinophilic, protein-like material. The
treatment-related lesions were concentration dependent. The severity of this
effect was slight to moderate in rats exposed to 1.5 mg/L and minimal to
slight in rats expesed to 0.5 mg/L. In addition, multifocal puneumonitis was
observed in some male rats exposed to 1.5 mg/L, but no sign of pueumonitis was
seea in female rats at this coacentration. No treatment-related lesions were
observed in the other tissues examined. After the subchronic exposures,
treatment-relaced lesions were observed in both male and female rats. A
concentratiou-related accumulation of macroplages was preseanl in the alveolar
lumen and sinusoids of the peribroachial lywph nodes of rats exposed at 0.2,
0.5, and 1.5 mg/L. The lesions observed after 1.5 mg/L exposure were still
(vident following the &4-wk recovery period. No lesions vere observed in
control animals. Congestion, focal hemorrhage, and multitocal grauulomatous
paeunonia were also obsesved in the male rats after 1.5 mg/L exposure. Some
granulomas formed after 1) wk of exposure, Dul the majority were net obsesved
until a¥ter the 4-wk tccovery period. This occurrence suggests i pragressive
lesion after ceszation of exposure.

0f whe pulmenasry phy

ysiolopgy parameter: studied, aaly lung wet and dey
weightas and EEV wege signrf

ivaaliy affecled 3ffter « 0of 13 wk of cxposure to
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1.5 mg/L. None of the parameters showed significant effects at the 0.2 or
0.5-mg/L concentration. Because lung wet and dry weights were affected at the
1.5-mg/L concentration in the same manner, we believe this is due to an
increase in lung cellularity, as verified by the pathology results. This
effect was evident in both females and males, botl: immediately after exposure
and after tlie recovery period. Because diffusing capacity was unchanged and
normal gas exchange was maintained, we speculave that the significant increase
in EEV at 1.5 mg/L observed during subacute exposure (4 wk) may be an attempt
of the animal to compensate for a change in the alveoli, such as oil
depcsition or cell infiltration. Because it is not uncommon to observe
increases in EEV following exposure to a respiratory irritant, the animal may
have been responding to the exposure by taking shallower breaths.

The effect of fog oil swoke on pulmonary cells was supported by the lung
weight changes and the histopathology results. Cell viability, total cell
count, and cell differentials were measured. There was a significant increase
in total cells folleowing both subacute and subckronic exposure to 1.5 mg/L,
which appeared to be due to an influx in PMNs. There was a 25% increase of
alveolar macrophages following the &4-wk subacute exposure to 0.5 mg/L as
compared to controls. However, these data are difficult to interpret because
the control values are lower than historical coatrol data from this
laboratory. Yet, in the subchronic exposures to 0.5 mg/L there was also a
significant increase in the percentages of PMNs and lymphoc>tes and a decrease
in the perceatage of macrophages indicating an inflammatory response. Rats
exposed for 4 wk te 1.5 mg/L also showed an 8% increase in the percentage of
eosinophils in the total cell population. However, due to heteroscedasticity
and non-normal data problums, no biological significance should be attributed
to these data. V:iat.irty of the pulmonary cells appeared to be enhanced by
the subacute fog oil swmoke treatment at both the 0.5- and 1.5-mg/L
concentrations; however, there was a significant interaction betwezn
replicates. Effects were actually greater at 0.5 mg/L than 1.3 mg/L. The
mechanisms responsible are unknown. It is possible that the fog oil smoke
caused a lysis of resident noanviable cells, and/or the influx ¢f new cells
{primarily PMMNs) leading to an apparemtly highev viability. Biologitally
important changes in lymphocyte populations were not noted after any exposure,
although in some cases statistically sivnificant increases were noted.

Protein levels in the lungs weve measured as an indicator of pulmenary
edema. We concluded from these studies that rats esposed to 0.2, 0.5, and
1.5 mg/L, for & or 13 wk, regacrdless of duration time or sex, showved an
increase in protein content of the lung lavage fluid. This protein increase
was probably duc to leakage of serum proteins into the luag that accompanies
edesa .

Various extrapulmonary pavasmetess vere measured. The behavioral data
reported (figure-cight maze respoase) lack a mcantagful biologieal explaiation
fog The patizgns observed. It i3 most likely that the sigaificant iateraction
veporled vas a stalistival artifaet aand that the e¥fects of the G-wik cxposuves
were aither aegligible ar not detectable with this sample size. 1t wax
decided that further testing with such lagge mumbers of 2R1Mali was Bot
pragtical; thus, this paractes was eliminated rro@ further studies.
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Clinical chemistry pacameters were measured as both a toxzicological
indicator and quality control measure. Significant effects were seen most
often at the 2 day/wk for 4-wk frequency, at the 3.5-hr time and 0.5-mg/L
concentration. However, effects in the worst case exposure group are lacking
and the data do nmot suggest any trends. The significant decrease in serum
triglycerides after 13 wk of exposure to 1.5 mg/L of fog oil smoke was
probably the result of dietary change as reflected in the weight loss
reported. The amylase increase could be explained by pancreatic disezse, but
ao histopathological evidence supported this theory. It is more likely that
the ingestion of oil by preening caused a stimulation of the salivary glands,
which in turn caused a release of amylase into the bloodstream. Thus, we must
conclude tbat the fog oil smoke did not adversely affect the clinical
chemistry parameters in any consistent trend. From a quality control point of
view, this suggests homogeneity between the exposed and control groups.

X BC it 1 2,

W S I OF L 5 & sl el won

Various hematological parameters were measured to determine the effects of
fog oil smoke inhalation on the blood. In the subacute studies' worst case
situation (highest concentration for the longest and inost frequent exposure),
there was a significant decrease in MCV that appeared to be compensated for by j
ar. increase (though not significant) in the number of RBC. In the subchroanic
studies, there were differences between female and male rats after 13 wk of
exposure to 1.5 mg/L of fog oil smoke. The combined hematological effects
ohserved in the female suggest the possibility of an anemic response. The
significant decreases in MCV and in percentage of hematocrit are outside the
lower boundary of normal for albino rats. The drop in hemoglobin was
statistically significant but stiil within normal limits, as was the RBC.
Further examination of hemotological parameters would be necessary to form a
firm conclusion.
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There appeared to be little to no immunological response to fog oil smoke.
Mitogen response of spleen and WBC was negative, but there was some
enhancement ¢f NK cell activity after the subacute exposures. This suggested
that the fog oil smoke was introducing new antigens ’n some way (possibly by
alteration ¢f ho-t cell membranes), which subsequently stimulated NK cell
activity. NK cell activity is thought to have a major role in immupe
surveillance. However, it is importapt to note that two different straias of
rats were used for the 4-wk (Fischer 344) and the subehromic (CD) studies due
to exposure logistics. Correlations should not be drawa between these data.

Four parameters of xenchbiotic metabolism were measured:
pentobarbitai-induced sleeping time, zoxazolamine-ianduced paralysis time,
cytochrome P450 cencentration, and AjH activity. There was po repreducible
change in slceping time or liver ¢yrochrome P4SU due to fog oil swmoke
exposure. However, pavalysis time and AHH activity were significaat'y
decreased at 0.2, 0.9, and 1.5 ag/L of fop oil smoke (4 and 13 wk) in a
coacenteration-rexpoase wanser. The alterations in AHH activity aad
zo¥azolamine-induced paralysis time but not cytochrome PLS0 or sleeping time
Suggests a selective effect oa cytochrome P -430, which 1s responsible for BAP
metabolism. This induetioa of AHH could be due to the polycyelic hydrocarbosns
it tae fog ol smeke. Bevaunc these are exteapulmonary effects, the question
arose as to whether the c¥fcets 16 the livey were duc to tagestion of the foy
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oil smoke. As reported in the results, a comparison of whole-body to
nose-only exposure showed no difference in paralysis time due to method of
exposure. This confirms that the results were due to inhalation of the smoke
and not to ingestion of the oil.

In conclusion, 4-wk subacute and 13-wk subchronic inhalation of fog oil
smoke appeared to cause an inflammatory and edematogenic response in the lungs
of male and female adult rats, yet pulmonary function and gas exchange were
not significantly compromised. Formation cf granulomas after the recovery
period suggests a progressive lesion in the lung follewing the su:bchronic
exposure in the male rats. Extrapulmonary effects consisted of altered
xenobiotic metabolic mechamism, as suggested by a possible induction of a
specific isoenzyme of the cytochrome P450 system.
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